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A host cell transiDm|ed or transfected with the isolated nucleic acid 
molecule of claiffT^^T ' 

A^host cell transformed or transfected with the isolated nucleic acid 



molecule of claim 55. 

A host cell transformed or transfected with the isolated nucleic acid 
molecule of claim 56. 

The host cell of clai^ff ^ wherein said cell is a fibroblast. 
The host cell of claim 63, wherein said cell is a fibroblast. 
The host cell of clailn 64, wherein said cell is a fibroblast. 



Claim 48: The host cell of clair 
Claim 49: The host cell of clg 
Claim 50: The host celL^claim 64, wherein said cell is a mammalian cell. 



32v^^nerein said cell is a mammalian cell. 
J, wherein said cell is a mammalian cell. 



REMARKS 

Claims 54-67 will be pending. These claims replace the previously submitted claims. 
They recite complete hybridization conditions. 

Please note that with the exception of reference sequence SEQ ID NO: 18, c laims 54-67 
parallel claims foimd^allowable in Serial Nos. 09/583,850 and 09/597,179._^ To this end, any 
office action which follows that rejects claims without including a complete discussion of why 
the examiner - who is in the same art unit as are the examiners who allowed the prior case - is 
differing from art unit practice, will be considered incomplete, the matter will be taken up with 
the supervisory primary examiner, and a petition will be filed. 

Claims 39 & 47 were NOT drawn to the same subject matter as claims 37 and 45. 
Careful review of claims 54, 56, 62 and 64 will show this. To facilitate review, claim 37 and 
now claim 54 recites a tumor rejection antigen precursor . Claim 39 and now claim 56 recites a 
tumor rejection antigen, NOT the precursor. This is not a sUght difference in wording, as the 
specification clearly explains the differences between these molecules. 

^ " "with respect to the rejection of old claim 41, now claim 58, the examiner is again 
referred to the parallel prosecutions. Also see pages , lines , of the specification. 

The examiner has rejected all of the claims as allegedly lacking utility. The examiner 
states that, 
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"No disclosure, however, is found in the specification whether SEQ ID NO: 18 is 
overexpressed in melanoma cell line as compared to normal cells. No disclosure 
is found in the specification whether the SEQ ID NO: 18 is expressed in tissue, 
and even if SEQ ID NO: 18 is expressed in tissue whether it is overexpressed in 
cancer tissue as opposed to normal tissue." 

The above quotation is simply the "tip of the iceberg" of a long, involved, and confusing 
rejection. 

SEQ ID NO: 18 is also known as MAGE-6, as the specification makes clear. MAGE-6 is 
expressed in tumor cell lines and in tumors. Appended hereto are several references. Note 
DePlaen, et al, Immunogenetics 40:360-369 (1994). Please see page 367. With the exception of 
testis, there was no expression in normal tissue. Tumors, including LB 175, LB271 (lung cancer 
& melanoma), showed expression. Also see Rosenberg, et al, Biological Therapv of Cancer, 
page 499, a copy of which is attached. 

The molecule is expressed as a protein, which is then processed to peptides (tumor 
rejection antigens), that form complexes with MHC molecules, and provoke cytolytic T cells. 
See Zom, et al, Eur. J. hnmunol 29:602-607 (1999). Tanzarella, Cane. Res. 59:2668-2674 
(1999); Tatesumi, et al, J. Exp. Med. 196(5):619-628 (2002), as well as U.S. Patent Nos. 
5,928,938, 6,265,215 and 6,323,028, 

One does not secure CTLs without peptides. And one does not secure these peptides 
unless the protein form which they are derived is present. And one does not secure these 
proteins unless the gene is expressed. A review of the attachments show that MAGE-6 is 
expressed in tumor cells and it is translated into a protein. Hence, the examiner's argument, to 
the extent it is understood, is rebutted by the facts, which include (i) evidence of expression in 
tumors, (ii) evidence of overexpression in tumors as compared to normal tissues, (iii) expression 
of protein, and (iv) processing of proteins to peptides. The utility rejection over pages 6-10 is 
clearly improper and should be withdrawn. 

Turning now to the written description rejection, it is first of all pointed out that Regents 
University of California v. Eli Lilly is NOT relevant here. In the case cited by the examiner, no 
DNA was presented which satisfied the claim. In contrast, SEQ ID NO: 18 is so presented. 
Further, with respect to the "complement" language, the application as a whole states that tumor 
rejection ^antigen precursors are molecules large enough to be processed to smaller ones. The 
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claims are drawn to molecules which encode such l^ger molegiles. They cannot be considered 
to consist of a "few" nucleotides. 

Finally, the examiner's position is diametric to the guidelines which examiners are 
supposed to follow. In the event the examiner is hot familiar with the Interim Examination 
Guidelines for Written Description, applicants attach a copy of Example 9, which is "on all 
fours" with the claims. ^ 

If the examiner maintains this rejection, and does not fully explain how (i) the guidelines 
are not satisfied, and (ii) how the Eh Lilly case is relevant in view of the clear discl osures in flie 
specification, then this matter will be taken up with the supervisory primary examiner. 

With respect to the "enablement" rejection at page 13, the examiner admits that this is 
linked to the rejection under 35 U.S.C. §101. This has been rebutted. Hence, the lack of 
/enablement rejection is moot. 

To the same end, the scope rejection does not consider what is claimed. Only nucleic 
acid molecules which encode tumor rejection antigen precursors, their fragments, or timior 
rejection antigens, are claimed. All are defined in the specification such that they would be 
cognizable to the skilled artisan. The rejection is misplaced. Again, please refer to the allowed 
claims in the companion cases. As for the rejection over pages 15 et seq, the examiner is again 
directed to the evidence of protein expression provided herewith. 

As for the prior art rejection, it is clearly improper. The art relied upon by the examiner 
consists of 10 nucleotides. At most , this could encode 3 amino acids. As is explained in the 
specification, tumor rejection antigens are at least 8 amino acids long. They are encoded by 
nucleotides at least 24 nucleotides long. Fragments of tumor rejection antigen precursor are 
larger than this. Hence, a 10 nucleotide stretch does not meet the claim. Further, since the 
rejected claim calls for a nucleic acid molecule which encodes a polypeptide, apphcants would 
like to know where the start codon is in the cited art. 

Allowance of this application is proper, and is urged. 



Respectfully submitted. 




Norman D. Hanson, Esq. 
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November 22, 2002 



Hon. Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 



SHOWING OF CHANGES 



Page 27, last two lines: 

The sequence for the E antigen precursor gene has been determined and is presented herein and at 
SEOIDNO: 7 . 

Page 36, lines 20-26: 

To do this, and using standard protocols, cells normally insensitive to anit-E/CTLs were 
incubated with the synthetic peptides derived from Exon 3.1. Using the CTL lytic assays described supra 
on P815A, and a peptide concentration of 3mM the peptide of SEO ID NO: 26 , i.e., Glu-Ala-Asp-Pro- 
Thr-Gly-His-Ser-Tyr was shown to be best. The assay showed lysis of 30%, indicating coriferrins of 
sensitivity to the anti-E CTL. 
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L.L.P. 




Norman D. Hanson, Esq, 
Registration No. 30,946 



25235537.1 



Received 11/20/2002 16:58 ^B:10 on line [5] for NH01030 Printed 11/20/^B 17:12 * Pg 2/3 ^ 
2 17:01 FAX 212 450 l^W THE LUDWIG GROUP I NC. W ©002 



PRINCIPLES AND PRACTICE 
OF THE BIOLOGIC THERAPY 
OF CANCER 

ThinI Edition 



EDITED BY 

Steven Ap Rosenberg, m-d., Ph.D. 

Chief of Surgery 
National Cancer Instinire 
National Instimies of Health 
Bethesda, Marj^and 
Professor of Surgery 
Uniformed Services University of the Health Sciciices 
F. HAert School of Medicine 



with 131 conirlbuting authors 



LIPPINCOTT WILLIAMS &WlLK.IN$ 

A Wolt«rs Khiwer Company 

Philadelphia • BaUimore ■ New York • Lond n 

Buenos Aires • Hong Kong • Sydney • Tokyo 



17:12 * Pg 3/3 



@]003 



499 




Histologic Type^ 

Melanoma 
primary lesions 
wieiastases 
Lung cardnoma 
Squamous cell carci- 
noma 
Adenocarcinoma 
Head and nc* squa- 
mous cell carclnomB 

Bladder carcinoma 
5iip«rfidal (<T2) 
infiltrating 

Esophageal cardnoma 
Squamous cell cara- 
noma 

Adenocarcinoma 
Prostate carcinoma 
Sarcoma 

Breast carcinoma 
Coloraaal carcinoma 
Benal ca« carcinoma 
Leukemia and lym- 
phoma 
Myeloma 
Stages Hi 
Stage IH 



— T-TJ^ MAGE. MAJ£ 

AT ^ ^ ' 



44 

49 
31 



14 
32 

53 

20 
1B 
8 
19 
0 
5 
Q 



F^rn Brasseur F, Bnjase^s Brancn 



47 
38 



11 
43 

53 

40 
18 
15 
9 
13 
0 



0 
19 



44 

51 



16 
57 

63 

20 
18 

S 
13 
17 

0 



0 
31 



18 



35 
53 



23 
45 

74 

20 
0 

15 
6 

11 
2 
1 



53 

49 
58 



19 
57 

68 

20 
23 
15 
15 
22 
0 









Af2 


21 


34 


47 


62 


50 


28 


40 


33 


35 


, 27 


33 


10 


33 


34 


40 


26 



33 
41 



17 
35 



13 
6 



3 

26 



10 
7 
0 
0 
0 
0 



40 
5 
8 
16 
11 
Q 



0 
0 
0 
12 
0 
0 
0 



39 

36 
26 



5 
25 

44 

20 
15 
17 
10 
0 
0 
0 



42 


27 


17 


45 


44 


40 


28 


35 


24 


3 

35 


47 


47 


44 


20 


10 


20 


20 


20 


27 


33 




24 


35 




23 


23 




0 


0 




0 


0 


4 


0 


0 


Q 


0 


0 


44 


52 


30 



the MAGB^OT' ^"^\!7ASh« frequency of expression 

Also 

in meiascaticvKSo^ primary ^^^^j^j^^^^^Hrtated expression 
suggcscs that a «f chc MAGB-M p«>- 

moter have shovm ih« .t ^ ^ '^"LJag thac d« tiaa^ 
^1, that do «rpr«^ ^S^^'Scl-Al axe ubiqui- 
sciipaoa faaors capable of ^^r^ ^^qE therefore 

docs aot ■"'^'^ *P'°^t"!^lx-ton of the promoter. The 
found later rely or. ^X^ng sites fbr uanscripuoa 
MAGE-Al promoter ^^^^"^J^^^L^dal for its a.dvtty 
fectors of the Ets ^^J^^r^jUieotides. whkh are n^V 
(38). These sites ^o"***" '-P^^' 1. -j-ne, thereby preventing 
LJd in cell. J« "^^f ^9) Ttrment of nLor edis or 
the b-mding of the Ets *^<«Jl^^^ 5-^-2'-deOKycyt.' 
fibroblasts with ^-^;^f^^'So) tS b also txue for most 
diae activates gene ^^^^^'^^^yi^6.oa of the ge^iomc .s 
MAGE-type genes. A ^f>^^r namor 
often observed m cumor oeus ^^^^^^^ e^pressioti. 

progression. Tt is .Uo -;«=l»;'f consequence of this 

which therefore appe^us to oe provides an expUna- 



Snd 18% of bladder cancers (17,27). 

OTHER ^CH^^StnT^^''''' 
TUMOR-SPECIFIC ANTIGENS 

one IS doe to the -«^^^}^^^.:^^los^r.y\^-^'''' 
iat«>o of the "^^J^^^^don (42). An abnon«d 
^ ««yine ia>«'lf LTtS^iS^'-^^nd of this intion and 
.j^pt 5s P««l"^.«'"'THntrtociUy absent frora normal 
following aon. -nus ^^^^"5^^ of n«lanon.^- Tl>«^ 
ells but is P^^'J!'^^^^a^hy±>:-'^«or^P^o( 
^ xecognizcd by d.e ^^^y tumor spedli^ The reason 
S transcnpt and '^^^^^^ and not in nor- 

^ this cryptic P^-r^^d results from ;m>ncom- 

a «ene encoding a 
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^E-6-encoded Peptide mJgeTI? "'"'^ cytoto^c ^"^'^ ^^aint 
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fntroduction 
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represent 30% (e oirt afVn ^ " found to 
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P 18534] 
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"^ted 5G. was a CD8* CTl h- . 
2 Results 

n^ents were then attemotpH '^'^^"sfection sxpS- • 

Results were negatt^e LolT''*^ ^^-814 K t 

^ant cDNA wasTot InciSSTll^ ^^^er the ret ■ . 

B14 was not restncting thettl^l- '""^'^ °' HU- . : 

the tumor cells. We tterp^ "'T^'*"" of clone 5G with ■ 

"^c'ass,transcX;':rr-l* ^''^^'-^ ' ' 
"sea an aiternate strategy to 

«^oy^51 We/nheim, 1999 
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-p-.ono.t.ei::^sr;^w^^^^^ 

2-2 MAGE-e CDMA enr«^ . 

jjto cos./ cewe was then o«r 



. ,. ^^'^'^'ve melanoma 

duplicate cultures Pom 

1, CDMA clone 92? ^ 
«Hs with HU-Ai)2^ ^ fransfected Into COS.? 
972 bp, Which is 100% i?^, "'^^•"a frame (ORR of 

responding to the cDNAciZ c^o ^41 
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Tumor celM/nes 
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Stimulator cefis 
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''^9 at position Leu P7fl 

included in thte ilT*^ ^ ^'"o acid lon^ ^ 

^ "s<ng the autologous 
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3 Discussion 



6-ancoded peptide d«Z^ !^"' '^^ognizes a MAGP 

"lolecutes 

In 1991, MAGP-1 ra 
encoding ,r«,anoma^^ J 

«Jh « least 11 addition^ SShc""^ °' 8«nes 
MAGE-12 and located In MAGE-2 to 

lo0.cal types. In the teSfe In i 4? 

tl^es (6-8). To d«e ht? . '"°*''*''"°^ adult 
unknown. Rega^^ingl^Q^^^^; ^^^^^^ '^'e -Bmls 



70S 

Pept/de concentration (nM) 



'^lanoma-assoc,ied^!iJ^''^'^«"^o«'ntoenc de 
note, however. thTitT^"" ^P^'^^ 19-13] ItfeS 

s?-ro?i£;^^^ 

f«ted Into COS-7 S ]!: !^ '^"^s- 
shown), vwth the dem^.st,!;!' HU-A3402 (data not 
«;e MAGE femlly Invo^?^? ° ' '""^^ -^-n^erl 
pm^nt study further s^p^^ Z""" "^P^^^^. 
^AG^noodedantlg^slnan^KT'^-P^ce Of 

autologous tumor cells Ss '"^ ^'^^ P'«^«"ce of 
existence Of IMAGE-Si^^'^"''^ ^^'^"^ for t^ 
'^«ng Tcells In n^^lS^'^r^^^^maoi^. 
s'^gested that such spS-?" ^"'^^'^"t 
rate tumors such as ^0^?;^^^^'* ^'^^ 
n^- BydemonstratinatheftTor ' ^ °'' cancer 
specific T cells at7e pn^TmT^'^'^"*^'^^^^^ 
senesofexperlmemspSiLT"^'"" site (2,. our 
'nvolvement of such f ^^'*'°"el support for the 

responses. ^o-" lymphocytes in antl-tumor 

£t2SSt SS'S^^^^^ ^«^'oped two 
•he primaor tumor was surgtealvS^' ^'P^^*'"*^. after 
*'°n Of the Tcell infiltrate S^T"^''- ^^^ieriza- 
";as still present in t^T^^ "^*^eTILcteneS 
Moneove, the two oelTJ^^^T^^'y '^'""s [16? 
metastases we;«effeSve7J^^ "^"^ '^'^ ^ 

Zr?r^ "^sults Indicate Sat^f "® Wota- 
MAGE-6-speclfic T lymDho,:.^ ^ Presence of the 
°vera4-yearper«xi.&i^er^,^^^ ^"s,«'ned 
scnpts at the metastatic sSf^'f" °^ ^pigtran 

wens poorty .epresentTd'^^rSf 

redundancy In the coneso^Jt ,T ^"^te"tlalV less 

P-'^'' -<th the Prima^T^To^'^jr '''"'"'^^ ^ "'^ 

-pS ^dXranr ^- ^^^-P-«o T cell 
«;a.uman melanoJ^^^^^^^^'ned in the couS 
n the context of the initial S 'dominant 
found to still be p,esenS ;?„L'^9ression and wi 
progressing rnetastabc T^^^^^ 
These findings are in contS ^^.k T"''^'^ 
accompanying article. ?'^'*P°^«^'nthe 
wasfbundt be directed -^P^^se 

^-^hruTs:-^^^^^^^ 

--nowledgeabSJSe^orXG^Xr 
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S'b^r'^^T^'""'^*^ ^^ens. Further studies 
contSb^T ^ ^^"^ '"^'9ht Into the actua! 

con nbotion of such natural iBsponses to the control S 
the tumor expansion in vivo. 

4 Materials and methods 
4-1 General remarics 

Patient characterfstics and clinical course, DNA sequencino 
TNF bioassay. peptides and C7L assay a^e descri JJS^n ^^^^^^^ 
accompanying article [4|. oescnded In the 

4^2 CeO fines and TIL clone 

w«h their cS^'^r^f^ST/rGtrr 
tlescrlbed previously [2]. ' ^' "® 

« Construction of Oie cDNA Dtvary 

The PB1g cDNA Rbrary used In these experiments was n«. 

s rsr r;jrnl^ ^^^^^ 

s^vJthesuPs^^^ 
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subscreened to monoclonality and the conesnnnH™ _ 
was sequenced. ^scrip,sl„clud^Jg ^eT,^ Sg;iS 

4S 2^«-<^tunu«.ce,innesandCrLsIinn-ation 

-thodf18,w^n,inor'n?clS;io,'S^ 
well m aflat-lxrttom 96-wsil mic«>platB) were trai^fnl 
a mixture composed of 100^1 RPIVII leZ l^^^^ 
200n9 Of HLA piasmid DNA. '^Zni oj^^e iTo:* 
bated overnight RPMi 1640^0% PCS rtnn.7 ?u 
added to the mbcture and in^tli'^^SmlT, 
f^tow.ng day. the medium was discarded L JlL w^^ 

i2S/ionr. rmrs2™r ™ 

period Of 6 h. 50^ Of s^^'':^i:^l^^ 
say on WEH1 164/13 celte. ^ ""^ ™F bioaa- 

4.6 Expression screening of the cDNA ilbraor In COS.7 

Expression screening was perfonned as described In th^ 
accompanying article [4); however. COS-? cSTw^ ^ 

and lOOng of a pool of the PBig cDNA Tibray ^ 

leach and Guisbine Gareelain for thel sSinf^ ^ 
was supported bv "Assoriaw^/ . ^"Pf^- ^Ws work 

cancer" grem. Saal^lTee 



4.4 Cloning of the Hl^ alleles from the M10 ceil fine ^ References 



1 Feiradini. L. Mackensen. A., Geneveo C Bn-„ . 
D-nn-llani. P.. Avrii. M. P.. a«, H^^n^.^laSof ^ 

S.^in'S-iTr'^^ ^'SrS 

2 Mac»ceTOen.A..Ferradini.L.Carcelain,G THeh I F 



11/21-/2002^*^ 



ived 11/21/2002 14:08^^10:28 on 
3:16 FAX 77370230'^ 



line [5] for ML09344 Printed 
Univ. of Chic. ILL 



11/21 



12 14:26 * Pg 8/15 



@1 008/015 



Eur. J. Immunol. 1999. 29: 602-607 



MAGE'6 as a tunrior-essociated antigen on a regressive melanoma 607 



3 Mackensen, A., Carcelatn, Q., Viel, S., Raynal, M. C, 
Michalaki, H., Tiieb I, P., Bosq, J. and Hercend, T., 

Direct evid noe to support the ImmunosurvelUance con- 
cept in a human negresslv melanoma. J. Clin. Invest, 
1994. 93: 1.397-1402. 

4 Zonip E. and Herc^id, A natural anti-tumor cytotoxic 
T eel) response In a spontaneously regressing human 
melanoma targets a neoantigen resulting from a somatic 
point mutation. Eun J. ImmunoL -1999. 29: 592-601 . 

5 Van der Bruggen, P., Traversariy C, Chomez, P., Lur- 
quin, Cm De Plaen, E., Van den Eynde, a, Kruith, A. 
and Boon, T, A gene encoding an antigen recognized 
by cytolytic T lymphocytes on a human melanoma. Sd- 

- ence 1991. 254: 1643-1647, 

6 De Plaen, Arden, K., Thaversarr, C, Gaforio, J. J., 
Szikora, J. P., De Smet, C, Brasseur, F., Van der Brug- 
gen, P., Lethd, B., Lurquln« C, BrasseuTp R., Chonnez, 
P., De Backer, O., Cavenee, W. and Boon, T., Structure, 
chromosomal localization, and expression of 12 genes 
of the MAGE family. lmmunogenetic$ 1994. 40; 
360-369. 

7 Patard, J. J., Brasseur, F., Gll-Diez, S., Radvanyl, F., 
Marchand, M., Fran9ois, P., AU-Aad, A, Uan Cangh, 
P., Abbou, C. Cm ChopEn, D. and Boon, Expression 
of MAGE genes in transitional-cell carcinomas of the uri- 
nary bladder, fnt J. Cancer 1995, 64: 60-64. 

8 Ishfda, H., Matsumura, t., SalgaHer, M, L., Ohmlzono, 
Y., Kadono, Y. and Sawada, MA(SE-1 and MAGE-3 
or -6 expression in neuroblastoma-related pediatric soRd 
tumors. Int. J. Cancer 1996. 69: 376-380. 

9 Qaugler, B«, Van den Eynde, B., Van der Bruggen, P., 
Romero, P., Oaforio, J. J., De Plaen, E., Lethi§, B., 
Brasseur, R and Boon, T., Human gene MAGE-3 codes 
for an antigen recognized on a melanoma by autologous 
cytolytic T lymphocytes. J, Exp. Med. 1994. 179: 
921-930. 

10 Traversari, C, Van der Bruggen, P,, Luescher, I- F-, 
Lurquin, C, Chomez, P., Van Pel, A., De Plaen, 
Amar-Costesec, A and Boon, T., A nonapeptide 
encoded by hunnan gene MAGE-1 Is recognized on 
HLA-A1 by cytolytic T lymphocytes directed against 
tumor antigen MZ2-E. J. Exp. Med. 1992. 176: 
1453-1457. 

1 1 Van der Bruggen, P., Szikora, J. P., Bo6l, P., WikJ- 
mann, C, Somvllle, M., Sens!, M. and Boon. Autol- 
ogous cytolytic T lymphocytes recognize MAGE-1 nona- 
peptide on melanoma expressing hlLA-Cw1601. Eur. J. 
ImmunoL 1994.24:2134-2140. 



12 Van der Bruggen, P^ Bastin, J., Gajewsky, T., CouDe, 
R G., Boel, P., De Smet, C, Traversari, C, Townsend, 
A and Boon, T, A peptide encoded by human gene 
MAGE-S and presented by HLA-A2 induces cytolytic T 
lymphocytes that recognize tumor cells expressing 
MAGE-3. Eur. J. ImmunoL 1994. 24: 3038-3043. 

13 Herman, J., Van der Bruggen, P*, Luescher, i. R, 
Mandruzzato, S., Romero, P., Thonnard, J*, Reisch- 
hauer, K., Boon, T. and Coulie, P^ A peptide encoded 
by the human MAGE-3 gene and presented by HLA-B44 
Induces cytolytic T lymphocytes that recognize tumor 
cef Is expressing MAGE-3. ImmunogeneVcs 1996. 43: 
377-383. 

14 Salgaller, M. L., Weber, J. S., Koenig, a, Yannelli, J. R. 
and Rosenberg, S. A., Generation of specific anti- 
mefanoma reactivity t>y stimulation of tumor-infiltrating 
lymphocytes witfi MAGE-1 synthetic peptides. Cancer 
ImmunoL Immunothen 1994. 39: 105-116. 

15 Toso, J. F., Oei, C^ Oshidarl, F., Tartaglia, J., Paoletti, 
E., Lyerly, H. K., TaOb, S. and Weinhold, K. MAGE-1 
Specific precursor cytotoxic T-lymphocytes present 
among tumor-infiltrating lymphocytes from a patient with 
breast cancer: characterization and antigen specific 
activation. Cancer Res. 1996. 56: 16-20. 

16 Carcetain G., Rouas-Freiss, N., Zom, E., Chung- 
Scott, V«, Viel, S., Faure, F., Bosq, J. and Hercend, 

In siUj T-cell responses In a primary regressive mela- 
noma and subsequent metastases: a comparative anaJ- 
ysis. Int. J. Cancer ^997. 72: 241-247, 

17 Strachan, T., Sodoyer, R., Damotte, TA, and Jordan, B. 

R., Complete nucleotide sequence of a functional class 
I HLA gene, HLA-A3: Imptications for the evolution of 
HLA genes. EMBO J. 1984. 3: 887-894. 

18 Wang, R. F., Robbina, P. F., Kawakami, Y., Kang, X. 0. 
and Rosenberg, S. A, Identification of a gene encoding 
a melanoma tumor antigen recognized by HLA-A31- 
restricted tumor infi/trating lymphocytes. J, Exp. Med. 
1995.181:799-804, 



Correspondence: Emmanuel Zom, Division of Hematologic 
Malignancies. Dana-Fartjer Cancer Institute, 44, Bfnney St, 
Boston MA 02115, USA 
Fax: +1-617-632-5167 

e-nr>ait: Emmanuel_Zom@macmailgw.dfci.harvard.edu 

T. Hercend's present adress: Vertex Pharmaceuticals Ltd, 
5 Cheapside Court, Buckhurst Road, Ascot, Berkshire SL5 
7RF, GB 



Received 11/21/2002 14:08 1:^10:28 on line [53 for; ML09344 Printed 11/21ZZP02 14:26 * Pg 9/15 

'FA 



11/21/2002 -13 : 16 FAX 77370230i 



UnlY.of Chlc.ILL 



71/2002 



Bl 009/015 



(CAKCER RESEARCH 59. 2668-2474. lune I. 1999] 



^MOtiCh This Material 
may bo protected by copyright 
^ • ^ law, (Title 17 US, Co^ol\ 

Identification of a Promiscuous T-Cell Epitope Encoded by Multiple Members of 
the MAGE Family^ 

Silvia Tanzarella, Vincenzo Russo, Darla Lionello, Ptero Oaierba, Donata Rigatd, Claudio Bordignon, and 
Catia Traversarl^ 

TeteUum Institute of Gene Therapy and Cancer immunotherapy and Gene Therapy Program, htiiuto Scient^fico H, 5. Raffaete, 20132 Milaua. itaty 



ABSTRACT 

One of the msMor [imitations of (omor-spedrEC vacctnation is the gen- 
eration of antlgen^oss variants that are able to escape the Immane re- 
pose elicited by a monoantigeoic peptide epitope. Here, we report the 
idetiliGcation of a new HLA-B*3701-re5tricted epitope shared by four 
different members of the AfAGE family* Peripheral blood lymphocytes 
isolated from a melanoma patient were stbnulated (n viim with the antol- 
ogous HLA-negative melanoma line transfected with autologous HLA 
8^701 molecuie. This protocol led to the induction of tumor-spedfic, 
B*3701-restricted CTLs specific for a peptide q>itope encoded by codons 
127-136 of the gene MAGE-L The same epitope is also encoded by the 
homologoos region of three other members of the MAGE family, MAGE-2^ 
-3, and -6. Con^stent with the notion (hat the peptide encoded by MAGE-1 
codons 127^X36 is, indeed, processed (rom the protons encoded by all four 
AfAGE family members, the CTLs were able to spectficaDy recognize 
Co9-7 cells cofransfccted with HLA-B*3701 and any of th^ MAGE genes. 
Moreover^ the CTLs also recognized a MAGE'6-positkve melanoma line 
transfected with the B*3701 molecule. These findings allow the inclusion 
of a new set of tumor patients into clinEcal cancer vaccination trials. 
Furthermore, they suggest that some promiscuoas peptide epitopes shared 
by different members of the MAGE family might be less prone to escape 
the Immune response by generation of MAGE antigen loss variants. 

INTRODUCTION 

A number of studies have demonstrated that CTLs recognizing 
human tumor cells can be isolated from PBLs^ and tumor-infiltrating 
lymphocytes of cancer patients (1). An in vivo role of such tumor- 
spedfic effectors is suggested by the results of several immunother- 
apy trials, maitUy perfonned in melanoma patients (2-5). 

Over the last few years, the use of such tumor-specific effectois has 
allowed the isolation of several geoes encoding tumCH* antigens (6). 
According to the pattern of expression m neoplastic and normal 
tissues, these antigens can be classified into four classes, which have 
different degrees of tumor specificity and clinical relevance. Ihe first 
class comprises antigens encoded by genes expressed in various 
tumors of different histotypes but not in normal tissues, other than 
testis and placenta, such as MAGE, GAGE, and BAGE (7-9). The 
second-class represents differentiation andgens that are only ex- 
I»essed in melanoma and melanocytes, such as tyrosinase^ Meian-A/ 
MART-I, gpIOO, TRP-1, and TRP-2 (10-15). The antigens belonging 
to the third cla^ are generated by point mutations in genes that are 
ubiquitously expressed (16-18). The fourth class of antigens, which 
has been defined only recently, is represented by TRP-2-1NT2, an 
antigen shared between melanomas but not expressed in normal cells 
of the melanocytic lineage (19). 
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Tumor antigens belonging to the MAGE family have especially 
elicited considerable interest because six of them, MAGE-I, -2, -i, -4^ 
-6, and -72, are expressed selectively by a significant proportion of 
primary and metastatic tumors, including melanomas, lung, bladder, 
ovarian, and breast carcinomas (7, 20-23). 

Ginical trials of vaccination, based on the use of antigenic peptides 
encoded by MAGE-! and -i, are in progress in patients affected by 
melanoma and other neoplastic diseases (3). Nevertheless, the use of 
MAGE-2, -4, and -6 protdns as targets for tumor-specific inmiuno- 
thwapy has been hampered by the uncertainty as to whether these 
proteins can be recognized by specific CTLs of the immune system. 

Potential limitations to the wide application of this therapeutic 
approach are the limited number of characterized CTL epitopes (i.e., 
tumor antigen peptides and appropriate HLA class I alleles) and the in 
vivo generation of antigen loss variants that are able to escape the 
immune response elicited by a monoantigenic vaccine (24). Indeed, 
such clinical protocols apply only to patients carrying a tumor ex- 
pressing a well-known tumor antigen and a defined HLA allele. 
Unfortunately, a large majority of cancer patients do not fulfill these 
including criteria. Therefore, identification of new antigenic determi- 
nants is a priority because it would increase the number of patients 
that could benefit from antitumor vaccination protocols. 

Here, we report the identification of a new HLA*B'*3701-restricted 
epitope, encoded by homologous regions of the MAGE-1, -2, -J, and 
'6 genes. The use of identical antigenic peptides derived from differ- 
ent highly homologous protems, in protocols of vaccination, may 
represent a useful tool to avoid the generation of antigen loss variants. 
Moreover, this study presents, for the first time, evidence for the 
existence of human CTL recognizing peptides d^ved from MAGE-2 
and -6 proteins, which now can be Included in the list of possible 
antigens for targeted immunotherapy of neoplastic disorders. 



MATERIALS AND METHODS 

Cell Lines* The melanoma cell line MSR3-mel was established in our 
laboratoiy from a metastatic lesion of patient MSR3 and cultured in IMDM 
sui^lemented with 10% PCS. PBLs of this patient were serologically typed as: 
HLA-Al, All. B37. B5. Cw6. The melanoma line MZ2-MEL.2.2 ET.l 
(HLA-Al. B*370I, Cw6), hereafter referred to as ETI, and die Cos-7 cell line 
were kindly provided by Prof. T. Boon (Ludwig Instimte for Cancer Research, 
Brassels, Belgium) and maintained in DMEM supplemented with 10% PCS. 
Me 14932 (HLA-A2/A3, B7/Bw50, Cw6/Cw7) was a kind gift of Dr. G. 
Parmiani (Istituto del Tumori, Milano. Italy). The B-lympboblastoid celt line 
LG2-EBV was kindly provided by Prof. T. Boon, wbereas the MSR3-EBV was 
derived by transformation of peripheral blood B lymphocytes fiom patient 
MSR3 wifli tiie B95-8 soam of EBV. 

Synthetic Peptides. Synthetic peptides were purchased from Primm (Mi- 
lano. Italy). Peptides were: MAGEjaT^isd (REPVTKAEML), encxxled by 
codons 127-136 of MAGE- L -2, -3, and -tf genes; and M4,27_,34 (KELVT- 
KAEML) and Ml 2i 27.136 (REPFTKAEML). corresponding to amino adds 
127-136 encoded by genes MAGE-4 and */2, respectively. Peptides were 
dissolved to 10 mM in DMSO and diluted further in 0.9% Nad. 

Subcloning of the HLA'B*3701 AUde. Total RNA was prepared from 
MSR3 PBLs by the RNcasy Total RNA Kit (Qiagen, HUden, Germany). cDNA 
corresponding to 300 ng of total RNA was amplified by PCR osii^ a primer 
pair suitable for specific ampUncation and directiotial cloning of the fidl-length 
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coding region of HLA-B alleles (geneious gift of Dr. Soo Young Yang, 
MemoriaJ Sloan- Kettering Cancer Ccnten New York, NY). The l.l-kb PCR 
product was subcloned into the eukaryotic expression vector pcDNA3. 1 (In- 
vitrogen Coip., Oxon, United Kingdom). Plasmid clones encoding HLA- 
B*370l and -B*520I I (the HLA B37 and -B5 aUeles of patient MSR3) were 
identified using diagnostic restriciion enzymes. The HIA-B*3701 gene was 
then sequenced to verify the correspondence to the published DNA sequence. 
This plasmid was called pcDNA3.l/B*3701. 

Transfedion of Nfcianoma Cell Lines. Melanoma cell lines were trans- 
fected by the calcium phosphate precipitation technique with pcDNA3.l/HLA- 
B*3701 and selected in G4I8. Expression of the trnnsfiected HLA-B*3701 
n^tecule in stable transfectanis was verified by flow cytometry with the 
HLA-A-, HLA-B-, and HLA-C-spcciHc mAb W6/3Z 

In Vitro Induction of CTL Line 337* CTL line 337 was obtained using a 
protocol previously described by others (25), with slight modifications. 
Briefly^ PBL& from patient MSR3 were separated by Ficoll gradient and 
cultivated <1 X 10'^-2 X 10^ cells/well) with the autologous, irradiated M5R3- 
B37 melanoma cells (0.5 X lO^-l X 10* cells/well) in 2 ml of IMDM 
supplemented with 10% human serum, gtutaniine. and antibiotics. After 3 days 
of culture, 10 uniis/nit IL-2 (Chiron, Milan, Italy) and S ng/ml [1^7 (Genzyme 
Corp.. Cambridge, MA) were added. Lymphocytes were rtstimulated weekly 
with 0.5 X 10* imidiatcd MSR3-B37 cells and tested in a cytotoxicity assay 
after three stimulations. After ilie fifUi restimulation, 2 X 10^ irradiated 
LG2-EBV cells were added us feeder cells, and [L-2 was increased to 50 
unitsAnl. 

Assay for Cytolytic Activity and Peptide Binding Studies. Lydc activity 
of the cytotoxic T-ce1l lines was tested in a chromiutn release assay as 
described previously (26). Peptides were trated in chromium release assays: 
^'Cr-1abeled tar]gct celts were incubated for 1 h at room temperanite in 96-well 
microplates with various cbncenlrotion of the peptide before addition 
of effector cells at a fixed E:T ratio. Binding of peptides M4, 

37-] 5& 

M\2i27~ij6 to the HLA-B*370t molecule was suidied in a competition assay, 
as described previously (27). As standard peptide, we used peptide MAG£|27.. 
iM (300 nM), recognized by CTL 337. CTLs were used at an E*T ratio of 30:1. 

Production of Subfragniefits of MAGE-L Subfragments of MAGB-l 
gene (495- and 1072-bp fhigniems) were obtained by digesdon of MAGE-I 
cDNA with Bglll and £c^RL After purification on agarose gel, the fragments 
were cloned into the pcDNA3. 1 plasmid. Gones were isolated, plasmid DNA 
was extracted and transfected imo Cos-7 cells along with the HLA-B*370! 
gene. 

Transfection of Cos-? Cells and IFN-y Release Assay. Transfection of 
Cos-7 cells was performed by the DEAE-dextran-chloroqaine tnethod (12). 
Briefly, 1.S X IQ"* Cos-7 cdts were transfected with 100 ng of plasmid 
pcDNA3. 1/8*3701 and 100 ng of expression vectors containing the cDNA of 
one of the following genes: MAGE- 1, -2, -J, -4, -<5. and -/2. Transfected Cos-7 
cells were tested in a IFN-7 assay after 48 h: 5000 respoivder CTLs, at day 5 
after stimulation, were added in 150 ftl of IMDM- 10% human serum supple^ 
mented with 25 units/ml IL-2. After 24 h at 37**C 100 /il of supernatant were 
harvested, and the IFN-7 concetitration was measured using a IFM-y release kit 
(Genzyme Corp.) according to the manufacturer's recommendations. 

Retroviral Vector-mediated Gene Transfer of HlA'B*370l into 
Mel4932. The retroviral vector B37-CSM, coding for the HLA-B *3701 mol- 
ecule of patient MSR3« was constructed as described previously (28). Briefly, 
the fuD-tength cDNAs coding for the HLA-B*370l molecule was cloned under 
the control of the vUal long terminal repeat, whereas the truncated form of the 
human LNGFR (ALNGFR) was driven by the SV40 pronnoter. Tlie ecotropic 
nuirine fibroblast cell line GP+E86 was transiently transfected with 30 ^g of 
retroviral construct by standard caldimi-phosphate method. Infection of the 
amphotropic murine packaging cell line GP+env Am 12, by supernatant of 
48 h cultures of transfected GP+B86 cells, was performed for 4 h in the 
presence of 8 mg/ml polybrene. Infected packaging cells were immunoselected 
for ALNGFR expression by magnedc beads (Dynabeads M-450; Dynal A.S., 
Oslo, Norway) coated with the LNGFR-specific mAb 20.4 (American Type 
Culture Collection, Rockvillc, MD). Transduction of Mc 1493 2 was performed 
by cultivation with retrovinis-containing supernatant in the presence of poly- 
brene (8 rag/ml). Five or six rounds of inflection of at least 4 h were performed. 
Efficiency of infection was evaluated by immunofluorescence analysis with 
the LNGFR-spccific mAb 20.4 and with a HLA-B w4-sp^i§c mAb: 



RT-PCR Assays. MAGE-l -2. -i, -4. -6, and -72 and p2-m cDNAs were 
detected by PCR amplification. Reaction mixture contained 5 ;d of cDNA 
suspension, 4 /li of a 10 mM dNTPs mixture (containing each dNTP at 23 
mM), 5 /U of lOX DNA polymerase buffer (Hnnzymes Oy, Espoo, FinlaiuJ), 
2 units of DynaZyme DNA polymerase (Rnnzymes Oy), and sterile distilled 
water up to a SO-fsl total reaction volume. For oligonuclcodde primer se- 
quences and PCR amplification programs, see Weynants et at. (Ref. 20; 
MAGE-I, -2, and -3) and De Plaen et al. (Ref. 29; MAGE-4, ^, and -12). 
^2m cDNA was amplified using the sense primer j9 5' (5'-AAC CAC GTG 
ACrr TTG TCA CAG C-3') and antisensc primer ^ 5' (5'-CTG CTC AGA 
TAG ATC AAA CAT G-3'). Pdt amplification was performed for 30 cycles 
(I min at 94°C, 30 s at Se^C, and 2 min at 72**C): the expected length of ^Im 
amplification product was 230 bp. RNA integrity was tested by PCR with 
j3-actin-speciftc oligonucleotide primers (30). Samples scored positive when a 
band of the appropriate size was visible on a agarose gel in the presence of 
ethidium bromide. 



RESULTS 

MSR3-B37 Induces an Antigen-^petafic Immune Response. The 

melanoma line MSR3 was established from a cutaneous metastasis 
resected from patient MSR3. Expressian of HLA class I alleles by the 
tumor cells was barely detectable (Fig. t) and appeared to be inade- 
quate to allow antigen presentation to immune effectors. Indeed, the 
MSR3 melanoma line failed to induce a cytotoxic response from 
autologous PBLs (data not shown). The lack of class 1 cell surface 
expression by MSR3-mel was not catised by impaired /^2m synthesis 
because a /3-2m-spedric mRNA was detected by RT-PCR analysis 
(data not shown). 

To determine whether HLA class I andgen expression could be 
restored, MSR3-mel cells were stably transfected with cDNA encod- 
ing the autologous HLA-B*370l molecule. After G4I8 selection flow 
cytometric analysis showed staining of the transfected MSR3-B37 cell 
line by the W6/32 mAb (Fig, 1). 

To evaluate the presence on the surface of MSR3-B37 line of 
tumor-specific antigens, the melanoma cells were tested for their 
ability to induce tumor-specific cytotoxic effectors and for their 
susceptibility to lysis by these CTLs. Patient's PBLs were in vitro 
stimulated by MSR3-B37 as described in **Materials and Methods/' 
After three rounds of stimulation* the polyclonal cytotoxic T cell line 
337 (CTL 337) specifically lysed the MSR3-B37 cell line but not Ae 
untransfected MSR3-mel (Fig. 2). Autologous MSR3-EBV cells and 
PHA-activated T blasts were not recognized (data not shown), sug- 
gesting that the epitopes recognized by these CTLs are mdanomaV 
melanocyte-speciflc. Indeed, in addition to the autologous melanoma 
cells, (TIL 337 also lysed the HLA-B*3701-positive melanoma line 
ETl (Fig. 2), suggesting that one or more shared melanoma antigens 
are recognized. 

These data indicate that HLA class I expression can be restored by 
transfection of MSR3 melanoma cells and that the melanoma line 
transfected with the HLA-B'''370I molecule is able to induce a tumor- 
specific cytotoxic T-cell response. 

IdentiGcation of the Antigenic Epitope Recognized by CTL 337. 
To identify the antigen recognized by CTL 337, we evaluated the 
IFN-7 release of CTL 337 in the presence of Cos-7 cells transfected 
with plasmid pcDNA3.1/B*3701, along with cDNA encoding six 
members of the MAGE family {le., MAGE-I^ -2» -J, -4, -5, and -72), 
some of which are expressed by both MSR3-mel and ETl. CVL 337 
specifically recognized Cos-7 cells transfected with MAGE-I, -2, -3, 
and -6 (Fig. 3). suggesting that the epitope target of CTL 337 was 
shared among the four different antigens or that distinct components 
of the oHgoclonal T-cell line were recognizing peptides derived from 
the four MAGE gene products. A low level of IFN-7 was detected in 
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MSR3-B37 



'* MSR3-mel 



Negative control 



W6/32 



FiC I. ExwcRSion of HLA^Iass I molecules by MSR3-mel and MSR.VB37. Tumor 
cdlfi were incubaiod wiUi mAb W6/32 (ami-HLA-daja I) or wiih an isotypc corrtrol, 
washed, and labeled wilh goal anlimousc imnwnofilobutin antibodies coupled to 
cdn. analyttb was pcrfonncd before and after HLA-B»370I tramfeclton of MSR3- 
mel. 



MSRB-xncl 
MSR3-B37 
ETl 




Fig. 2. Recognition of a shared HLA-B^S?^. restricted anUfien by CTL 337. The 
cyioioxic activity of CTL 337 cells was assessed against the autologous melanomas 
MSR3-inel and MSR3-B37 and against the allogenic metanoina ETl at various EiTiauos. 



peptide, denominated MAGE. 127-136, was used to sensitize the 
MSR3-EBV line to lysis by CTL 337 cells in a titration assay <Fig. 
6A). The half-maximal lysis was reached with 90 nM peptide. No lyas 
of MSR3-EBV pulsed with an unrelaied peptide that was able to bind 
to HLA-B*370l was observed (Fig. 6B and data not shown). 

Low levels of IFN-y were released by the CTL 337 oeUs in the 
presence of Cos-7 cells expressing MAGE-4 and W2 (Fig. 3). To 
verify whether this release could be ascribed to recognition of pep- 
tides encoded by codons 127-136 within MAGE-4 and MACE-12, a 
pepdde-binding study was performed, using MSR3-EBV cells pulsed 
with the two peptides as targets. Peptide M4i27„,36, KELVTKAEML, 
differs by two amino acids Gysinc versus arginine in position t and 
leucine versus proline in position 3) from peptide REPVTKAEML, 
whereas peptide M 12,27-136. REPFTKAEML. differs by only one 
amino acid (phenyalanine versus valine in poshion 4). The results 
revealed that the two peptides can bind to HLA-B*370l because 
increasing amounts of both were able to inhibit the lysis of MSR3- 
EBV pulsed wilh peptide REPVTKAEML but not with an unrelated 
HLA-Al-binding peptide (r.^., M3.271-279; Fig. 65). Hovwsvcr, 
no recognition of EBV cells pulsed wiUi peptides M4,27-t.w and 
M12,27 136 was observed (data not shown). 

Taken together, tiiese data indicate tiiat CTL 337 cells arc able to 
recognize a peptide endogenously processed from MAGE-U -2, -J, 
and '6 products. The two peptides* encoded by (he same region of 
MAGE-4 and -/2. respectively, are able to bind to HLA-B*370L but 
they are not recognized by CTL 337 cells, 

CTL 337 Cells Specifically Recognize MAGE'2 and -tf Gene 
Products. Until now, there was no evidence of die immunogeniciiy 
ofmGE-2- and AfA<?£-(J-cncoded proteins in humans. Indeed, pep- 
tides encoded by MAGE-1, -i, -4, and -12 have been found to bind to 
various class I molecules to fom> antigens recognized by different 
CTLs. Whereas no peptides encoded by the genes MAGE'2 or 
MAGE-6 have tiius far been identified. 

To demonstrate dial peptide REPVTKAEML could also be pro- 
cessed from MAGE-2 and -6 and presented to CTL 337 cells, we 
attempted to look for melanoma cell lines expressing MAGE-2 or -6 
but none of die other MAGE genes. Unfortunately, expression of the 
MAGE genes in melanomas is strictiy correlated: most of the mela- 
nomas that express one member of the MAGE gene family also 
express the others. Indeed, we were unable to find a melanoma line 



the presence of MAGE-4' and A/>lGE-/2-transfected Cos-7 cells 
(Rg. 3). 

To identify die sequence coding for tiie antigenic pqErtide(s) recog- 
nized by CTL 337, we digested cDNA encoding MAGE-l with flgfll 
and EtroRI obtaining two subfragments of -495 and 1072 bp (Fig, 4). 
They were cloned into plasmid pcDNA 3.1 and transfected into Cos-7 
cells along witii HLA-B*3701 molecule. The presence of an in-frame 
start codon at 202 and 707 bp in die 495- and 1072-bp fragments, 
respectively, assured the expression of die two subfragments in die 
transfected cells. The level of IFN-7 released by CTL 337 cells in die 
presence of Cos-7 cells transfected witii die 495-bp fragment was 
comparable to that conferred by the entire MAGE-l gene (Fig. 4), 
indicating that the antigenic peptide was encoded vwdiin this region. 
The amino acid sequence encoded by die 495-bp fragment (Fig. 5) 
was screened for peptides carrying die binding motif for HLA- 
B*3701 (31). Five peptides canying aspartate or glutamate in position 
2 and isoleucine or lencioe in position 9/iO were identified (Fig. 5). 
One of these peptides, REPVTKAEML, was presen^^flso in die amino 
acid sequences encoded by MAGE-2, MAGE-3, and MAGE-6. This 
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Fig. 3. Identification of the tumor-anUgens recognized by CTL 337. Cos-7 cells were 
cotransfccted with HLA-B*370l, alone or together wilh cDNAs encoding genes MAGE U 
JZ -3 -6 and -12. After 48 h, CTL 337 cells were added, and the IFN-y leksaaed was 
measured 24 h later, as described in *^Matcriais and Metbodsr MSR3-B37 was included 
as positive control- 
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that selectively expresses MAGE-2, but we succeeded in finding a 
single melanoma line. Me 14932, that selectively expresses MAGE-6 
at low level (data not shown). 

To verify whether peptide REPVTKAEML is endogenously pro- 
cessed from MAGE-6 products and presented by HLA-B*370K 
Me 14932 was ininsduced by a retroviral vector encoding the HLA- 
B*3701 molecule. As indicated by immunofluorescence staining with 
a HLA-Bw4-spccific mAb, cell surface expression of HLA-B*370I 
on a pure population of transduced Me 14932 cells was at least 2-fold 
lower than that of MSR3-B37 melanoma cells (data not shown). CTL 
337 cells were able to recognize the Mel4932-LB37 line in a cyto- 
toxicity assay, and the level of lysis was increased by the exogenous 
addition of pcpUde REPVTKAEML, whereas there was no recogni- 
tion of die pulsed and unpulsed Me 14932 lines (Fig. 7). The low 
levels of lysis of die melanoma Mel4932-LB37 might be explained 



either by weak expression of gene MAGE-6 and by the weak surface 
expression of HLA-B*3701 molecules. 

To evaluate whether the inclusion of MAGE-2 and -6 in the list of 
possible target antigens for specific immunotherapy could increase the 
proportion of eligible patients, we analyzed the expression of 
MAGE- 1, -2, -J, and -6 in fresh tumor samples of various histotypes. 
Melanomas were not analyzed because expression of the diff^^nt 
MAGE genes was clearly correlated (32). The results indicate that 
12% of the ovarian carcinomas and 5% of colon and breast carcino- 
mas express MAGE-2 and/or -6 in the absence of MAGE-I and '5 
(Table 1). On the other hand, iri all bladder and lung carcinomas 
studied the four genes were always coexpressed. 

In conclusion, the data reported in this study indicate that MAGE-2 
and -6 can be included in the list of possible target antigens for 
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Rfi. 5. Top sequence of the 495-bp subfragment oi MAGE-i cDNA. Peptide* carrying the binding motifs for HLA-B*370I are listed above their rwpcctive nucIeoUde 
sequences. Bottom, comparison of peptide REPVTKAEML (undeHin^d), encoded by MAGE-l, with the peptides encoded by the homologous regions of other genes of tbe 
MAC£ family. ?r-fA:V • 
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tumor-Specific immunotherapy, increasing the number of patients thai 
could benefit from this therapy. 

DISCUSSION 

In the last few years, there has been a considerable effort to 
characterize antigenic peptides encoded by tumor-associated antigens 
and the HLA molecules responsible for their presentation (6). Several 
ioununotherapy clinical trials of cancer vaccinations based on the use 
of these peptides are in progress, widi quite positive preliminary 
results. Ind^, some objective cancer responses have been observed, 
consisting of both tumor regression (3, 5) and a few long-term 
complete responses (4). 

One major limitation outlined by those studies is the develop- 
ment, in a significant proportion of the treated patients, of tumor 
variants that fail to express the antigen recognized by tumor- 
reactive lymphocytes (24). Those variants can be generated either 
by loss of the nominal antigen (referred to as antigen loss variants; 
Refs. 33 and 34) or by molecular defects affecting different steps 
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Fig. 7. Elecognition of a AMCJB-tf-posirive niclanonia cell line by CTL 337. The 
HLA-B*3701*nesalive line Mel4932 and ibe HLA-B*370 1 -positive line Mel4932-LB37 
were pulsed ornot with I6 /im peptide MAGE,27_,» and used as target cells in a standard 
cytotoxicity assay at ihc indicated E:T ratios. 
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" As determined by reverse transcripia&c-PCR (RT-PCR) analysis. 
Numbers itt parentheses represent nunobcrs of frdth lutnor «ampte8 analyzed. 



of the antigen presentation pathway (referred to as presentation 
loss variants; Refs. 35-37). An active intervention of the Immune 
system in the selection of antigen loss and presentation loss van* 
ants have been observed in both treated (24) and untreated patients 
(33. 38). However, escape from classical tumor-specific CTLs may 
be counteracted in vivo by the intervention of different immune 
effectors. Indeed, tumor cells that have lost expression of some but 
not all HLA class I molecules can be recognized by a new category 
of antitumor lymphocytes expressing killer-cell inhibitory recep- 
tors (39). whereas HLA-negative tumor cells can be targeted by 
NK cells. 

The melanoma cell line used in this study belongs to the pres- 
entation loss variant class of HLA-negative tumor cells. The mo- 
lecular defect responsible for the HLA class I phenotypes of 
MSR3-mc2 has not yet been identified; however, our melanoma 
line exhibits barely detectable levels of HLA class I expression by 
immunofluorescence analysis, which are not sufficient for stimu- 
lation of a tumor-specific T-cell response (data not shown). This 
altered phenotype does not seem to be due to /3-2m or TAP 
alterations or to deletions of MHC genes but rather to a defect in 
the transcriptional machinery. Indeed, HLA class I expression in 
MSR3-mel can be restored by transfection of cDNAs encoding 
autologous HLA class I alleles. 

The HLA-B*3701-transfected ceU line (Le., MSR3-B37) allowed 
the isolation of HLA-B*3701-restricted and tumor-spccific CTLs that 
recognized a nonapeplide encoded by the same region (ie., residues 
127-136) of MAGE-l, -2, -3, and -6 proteins. 
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To our knowledge, this is the first B*370l-restricted tumor-specific 
epitope that has been identified thus far. Note that the HLA-B*370l 
molecule is present on both lymphocytes and tumor cells of patient 
M22 (7), from which a large variety of MAC£-specific CTL clones 
restricted by different HLA class 1 molecules were isolated (8-9, 
40-42). Those results suggest a subdominant role of HLA-B*3701 in 
tumor antigen presentation in the MZ2 model that should be overcome 
in the MSR3 system by the absence on the stimulating cells of a HLA 
class I molecule other than HLA-B*370i. Indeed, dominance of a 
given HLA molecule in the tumor-specific stimulation of autologous 
CTL by melanoma cells has been described in several model systems 
(39,43,44), , 

Several members of the MAGE gene family are specifically 
expressed by tumors of various histological types and T-cell de- 
fined epitopes encoded by MAGE-/ and -3 have been identified. 
However, although MAGE-l and -6 are expressed in a large per- 
centage of tumor samples, thus far no MAGE'2- and MAGE-6- 
specific CTLs have been isolated. The only suggestion that 
MAGE'2 behaves like a tumor-antigen comes from the study of 
Vissercn et qL (45), who demonstrated the immunogenicity of 
MAGE-2 in a HLA-A*020l Kb transgenic mouse model. Therefore, 
our study reports the first evidence for an immunogenic potential 
of MAGE-2 and -6 in humans. Indeed. CTL 337 cells were able to 
recognize Cos-7 cells transfected with HLA-B*370I and MAGE-2 
or -6 genes. Moreover, a stable HLA-B*370l-positive melanoma 
line expressing MAGE'6 was recognized, whereas analogous ex- 
periments on MAGE-2 and HLA-B*370 1 -positive melanoma lines 
could not be performed. It has been suggested that the proteasome 
specifically digests proteins into polypeptides with defined hydro- 
phobic» basic, or acidic COOH termini, whereas the NHj-terrainal 
cleavage into smaller fragments occurs nonspecifically 8-10 
amino acids further upstream. In view of the presence of hydro- 
phobic residues (M and L) at the COOH^tcrminus of peptide 
REPVTKAEML, as well as the high degree of the amino acid 
sequence homology between MAGE'2 and MAGES in the region 
around peptide REPVTKAEML, it is tempting to speculate that 
this peptide might indeed be processed in melanoma cells also 
from MAGE-2 products. (46, 47). 

The molecular analysis performed on tumor samples of various 
hisiotypes revealed a strong correlation between the expression of 
different MAGE genes. However, inclusion of MAGE-2 and 
MAGE'6 in the list of target antigens for cancer immunotherapy 
has practical implications for the enrollment of patients with 
ovarian carcinomas. Indeed, 12% of the ovarian carcinoma samples 
analyzed express MAGE-2 and/or -5. without expressing MAGE-l 
and/or -3 genes. On the other side, coexpression of more than one 
MAGE gene by a given tumor might prevent the development of 
andgen loss variants during vaccination treatment. Indeed, immune 
escape firom a peptide-induced antitumor response might then be 
rare, because it would require the occurrence of several independ- 
ent molecular alterations. 

In conclusion, the identification of this new HLA-B*3701-rc- 
stricted epitope not only increases the number of patients eligible for 
immunization but also may prove highly efficient for immunotherapy 
because of reduced risk of tumor escape due to die emergence of 
antigen loss variants. 
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Abstract 

T helper type 1 (Thl)-type CD4'^ antitumor T cell help appears critical to the induction and 
maintenance of antitumor cytotoxic T lymphocyte (CTL) responses in vivo. In contrast, Th2- or 
Th3/Tr-type CD4^ T cell responses may subvert Thl-type cell-mediated immunity, providing 
a microenvironment conducive to disease progression. We have recently identified helper T cell 
epitopes derived firom the MAGE-6 gene product; a tumor-associated antigen expressed by most 
melanomas and renal cell carcinomas. In this study, we have assessed whether peripheral blood 
CD4''" T cells firom human histocompatibility leukocyte antigens (HLA)-DR3 1*0401"^ patients 
are Thl- or Th2-biased to MAGE-6 epitopes using interferon (IFN)-^ and interleukin (IL)-5 
enzyme-linked immunospot assays, respectively. Strikingly, the vast majority of patients with ac- 
tive disease were highly-skewed toward Th2-type responses against MAGE-6-derived epitopes, 
regardless of their stage (stage I versus IV) of disease, but retained Thl-type responses against Ep- 
stein-Barr virus— or, influenza-derived epitopes. In marked contrast, normal donors and cancer 
patients with no current evidence of disease tended to exhibit either mixed Thl/Th2 or strongly 
Thl-polarized responses to MAGE-6 peptides, respectively. CD4''" T cell secretion of IL-10 and 
transforming growth factor (TGF)-pl against MAGE-6 peptides was not observed, suggesting 
that specific Th3/Tr-type CD4'^ subsets were not common events in these patients. Our data 
suggest that immunotherapeutic approaches will likely have to overcome or complement sys- 
temic Th2-dominated, tumor-reactive CD 4'^ T cell responses to provide optimal clinical benefit. 

Key words: melanoma • renal cell carcinoma • helper T lymphocyte • MAGE-6 • epitope 



Introduction 

Although renal cell carcinoma (RCC)* and melanoma are 
considered among the most responsive cancers to immuno- 
therapy, the vast majority of recent immunotherapeutic 
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approaches have focused solely on the induction of CDS"^ 
antitumor T cells in vivo as a surrogate of cUnical benefit 
(1-3). It appears clear that the ability to promote effector 
CD8''' T cells reactive against tumor antigens is a necessary, 
but not sufficient, event in objective cHnical responses (4). 
CD4''' T cells can also recognize tumor antigen-derived 
peptides, either direcdy (as some RCCs and melanomas 
express MHC class II molecules in situ; references 5 and 6) 
or via cross-presentation mechanisms by host antigen-pre- 
senting cells, such as dendritic cells (DCs; references 7 and 
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8). Thl-type CD4''' T cells secreting IFN-7 appear crucial 
to the optimal generation and durability of specific CTL in 
vivo and may also serve to recruit these effector cells into 
the tumor micro environment via delay ed-type hypersensi- 
tivity responses (8). Hence, the lack of effectively promot- 
ing specific Thl-type CD4"*" T cell generation, mainte- 
nance, and direction for antitumor CDS'*' T cells may 
represent a significant limitation in current vaccine trials. 

Tumor-induced deviation of CD4''' T cell responses in 
progressive disease and the role of Thl- and Th2-type 
CD 4''" effector cells have been evaluated in a limited num- 
ber of murine models (9-19). Studies using the B16 mela- 
noma model have documented a gradual shift of initial 
ThO-, mixed Thl-/Th2-type CD4+ T cell response to 
Th2/Tr-type dominated responses by 14-20 d of progres- 
sive tumor growth (13, 17-19). Injection of neutralizing 
anti-IL-4, -IL-10, or -TGF-pl antibodies can prevent this 
tumor-induced functional transition, resulting in enhanced 
CD8"^ CTL generation and protection against tumor 
growth (17). Depletion of CD4''' T cells in late-stage pro- 
gressive B16 models, where Th2/Tr-type response domi- 
nate, restores CTL effector function and can result in 
tumor regression and vitiHgo, particularly upon adminis- 
tration of rIL-12 (13). Analyses of the anti-tumor efficacy 
of Thl- and Th2-type CD4''" T cells has also been evalu- 
ated in prophylactic and adoptive transfer tumor models 
(9, 12, 13, 15). In these latter cases, Thl- and Th2-type 
can mediate complementary antitumor effector functions, 
via contrasting mechanisms (9). Although Th2-type CD4'*' 
T cells can promote the recruitment of tumoricidal eo- 
sinophils and macrophages into the tumor microenviron- 
ment and promote acute tumor rejection (9), on a cell- 
per-cell basis Thl-type T cells appear to provide a greater 
therapeutic index (12, 14, 15) and only Thl-type CD4''" 
T cells appear to promote durable anti-tumor CTL re- 
sponses (15). 

Interestingly, tumor infiltrating lymphocytes in patients 
with spontaneous and therapeutically induced regressing 
lesions appear to be characterized by dominant Thl-type 
responses to mitogens, whereas tumor infiltrating lympho- 
cytes from patients with progressor lesions have been re- 
ported to exhibit functionally dominant Th2-type (IL-4, 
IL-5) and/or Th3-/Tr-type (IL-10, TGF-pl) CD4-^ T 
cell responses (20-22). However, prior analyses of patient 
bulk CD4''' T cell responses to mitogenic stimuli have 
yielded equivocal results, with generally no clear-cut Thl- 
or Th2-type bias observed (23-25). As this difference in 
results may reflect the stringency with which tumor-spe- 
cific CD4"'' T cell responses were evaluated, significant re- 
cent emphasis has been placed on the identification of tu- 
mor antigen-derived helper T cell epitopes that may be 
used to quantitate and assess tumor-specific CD4'^ T cell 
numbers and function. 

Based on IFN-7 as a read-out cytokine or proliferation 
as an endpoint, Thl-type epitopes have been identified 
for the MART-l/Melan-A, gpl00/pmell7, tyrosinase, 
MAGE-3, and MAGE-6 (unpublished data) melanoma-asso- 
ciated antigens, among othen (26-28). We have recendy 



defined a set of helper epitopes derived firom the MAGE-6 
protein and have focused on these targets in the current 
study, since expression of MAGE-6 (unpublished data) has 
been observed in premalignant lesions in situ and at high 
frequencies in primary and metastatic tumors (29-31). 
Hence, CD 4"*" T cell responses to MAGE-6 epitopes may 
represent early etiologic events. The bias of MAGE-6 (tu- 
mor)-specific CD4'^ T cell responses (i.e., Thl, Th2, Th3/ 
Tr) may impact cancer incidence in susceptible individuals, 
the progression status of established MAGE-6'^ tumors or 
time to recurrence of MAGE-6 disease in the adjuvant 
setting. Indeed, melanoma expression of HLA-DR has 
been reported to be a marker of poor prognosis (32, 33), 
suggesting that the nature of CD 4+ T cell recognition of 
MHC class I I-p resented tumor epitopes may play a deci- 
sive immunoregulatory role in situ. 

This study is the first to demonstrate tumor antigen-spe- 
cific Th2-type polarization of CD4''" T cell responses in the 
peripheral blood of patients with RCC or melanoma. We 
have implemented IFN-7 and IL-5 ELISPOT assays to as- 
sess the magnitude of Thl- and Th2-type CD4'^ T cell re- 
sponses to MAGE-6 epitopes, respectively. We report that 
HLA-DR31*0401'^ patients with active melanoma or 
RCC displayed strongly polarized Th2-type reactivity to 
these peptides, whereas normal donors and patients that 
were disease-free following therapeutic intervention exhib- 
ited either weak mixed Thl-/Th2-type or strongly-polar- 
ized Thl-type responses to these same epitopes. 



Materials and Methods 

Cell Ones and Media. The T2.DR4 (DRB1*0401+) ceU Hne 
(provided by Dr. Janice Blum, Indiana University School of 
Medicine, Indianapolis, IN) was used as the peptide-presenting 
cell in these studies. This cell line uniformly expresses HLA- 
DR*0401 molecules that contain moderate-to-low affinity bind- 
ing peptides derived mainly from intracellular invariant chain 
(class Il-associated invariant chain peptide [CLIP]) due to a ge- 
netic deficiency in HLA-DM (34), T2.DR4 cells were main- 
tained in RPMI-1640 supplemented with 10% heat-inactivated 
FBS, 100 lU/ml penicillin, 100 n.g/ml streptomycin, and 10 mM 
L-glutamine (all reagents GIBCO BRL). 

Peptide Selection and Synthesis. The MAGE-6 (unpublished 
data), influenza A matriXfiQ_73 (35), malarial circumsporozoo- 
ite32f^345 (26) and EBV EBNA-l5,y_533 (36) HLA-DR4-presented 
epitopes were synthesized by FMOC chemistry by the University 
of Pittsbuigh Cancer Institute's (UPCI) Peptide Synthesis Facility 
(Shared Resource). Peptides were >90% pure based on HPLC 
profile and MS/MS mass spectrometric analysis performed by the 
UPCI Protein Sequencing Facility (Shared Resource). 

halation of Patient and Normal Donor PBMC-Derived T Celb. 
40-100 ml of patient or normal donor heparinized blood was ob- 
tained with informed consent under IRB-approved protocols and 
diluted 1 :2 with HBSS, applied to ficoll-hypaque gradients (LSM; 
Organon-Teknika) per the manu&cturer's instmctions, and cen- 
trifuged at 550 ^ for 25 min at room temperature. Patient and 
normal donor information is provided in Table I. PBMCs at the 
buoyant interface were recovered and washed twice with HBSS 
to remove residual platelets and ficoll-hypaque. HLA-DR4'^ sta- 
tus was confirmed by flow cytometry using the anti-HLA-DR4 
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Table I. HlA-DRBl *0401 -positive Patients Evaluated in this Study 



a-MAGE response 

Disease status 
at time of RT-PCR 



Patient 


Age 


oex 


Stage 


Treatment 


evaluation (y) 


IVlAOll-O ^T^/ — ) 


1 01 


1 Af\ 


z4o 


Melanoma (n = 


18) 


















SLMl 


71 


r 


IV 


o, UC/peptide 


KTCT~\ /1 C\ 

NhU (l.b) 


1 

-r 


1 nl 


T"U 1 

1 nl 


TU1 

1 nl 


SLM2 


64 


F 


IV 


S, IFN-a 


NED (5.0) 


+ 


Inl 


TU 1 

Inl 


TU1 

Thl 


SLM5 


34 


M 


IV 


S, IFN-a 


NED (4.1) 


NA 


Thl 


Thl 




SLM6 


37 


F 


I 


S, IFN-a 


NED (1.9) 


NA 


Inl 


TU 1 

Inl 


TU 1 

Ihl 


SLM9 


'35 


F 


III 


S, C, R 


NED (0.3) 


+ 


Thl 






SLMIO 


74 


M 


IV 


S 


NED (0.4) 


KT A 
NA 


1 hi 






SLM12* 


39 


F 


IV 


S, C, IFN-a 


Stable 




ln2 


TU1 

ln2 


TUO 

lh2 


SLMl 4 


52 


M 


IV 


C 


Mets, brain 


+ 


inZ 


TUO 


TUO 

1 h2 


SLMl 6 


64 


M 


IV 


None 


Mets, liver/lung 


+ 






Th2 


SLM17 


74 


M 


IV 


S 


Mets 




Th2 


Th2 


Th2 


SLM18 


31 


F 


IV 


S, IFN-a 


Mets, brain 




Th2 


Th2 


Th2 


SLMl 9 


56 


M 


IV 


S, IFN-a, C 


Mets 


+ 




Th2 


Th2 


SLM21 


45 


M 


IV 


S, IFN-a 


Mets 










SLM22 


57 


F 


IV 


S 


Mets 




Th2 


Th2 


Th2 


SLM23 


63 


M 


1 


S, IFN-a 


NED (1 .2) 




Th2 


Thl/2 




SLM24 


36 


F 


IV 


S 


Mets 




Th2 


Th2 


Th2 


SLM25 


42 


M 


IV 


S 


Mets 


+ 




Th2 




SLM26 


41 


F 


IV 


S 


Mets 










RCC (« = 18) 




















SLR2 


51 


F 


IV 


S 


NED (0.3) 


+ 


Thl 


Thl 


Thl 


SLR3 


45 


M 


IV 


s 


Mets 


NA 




Th2 




SLR4 


49 


F 


IV 


S, IL-2 


Mets 


NA 


1 hz 


TUO 

Inz 


TU1 

1 hz 


SLR5 


79 


M 


IV 


S, IFN-a 


Mets 


NA 


. Th2 


Thl/2 


Th2 


SLR6 


64 


M 


I 


S 


NED (0.3) 


NA 


Thl 


Thl 


Thl 


SLR7 


52 


F 


I 


S 


Local Dis. 


NA 






Th2 


SLR8 


49 


M 


IV 


C,R 


Mets 


NA 


- 


Th2 




SLR9 


53 


F 


I 


S 


NED (0.1) 


NA 


Thl 






SLRIO 


41 


M 


IV 


S, C, R 


Mets 


NA 


Th2 






SLRll 


58 


M 


IV 


S. IFN-a, R 


Mets 










SLR12 


58 


M 


I 


S 


Local Dis. 


NA 






Th2 


SLR13 


71 


M 


I 


S 


Local Dis. 


NA 








SLR14 


75 


F 


I 


s 


Local Dis. 


NA 




Th2 




SLR15 


58 


M 


I 


s 


NED (0.1) 


NA 


Thl 






SLR16 


57 


M 


IV 


S, R 


Mets 








Th2 


SLR17 


53 


M 


II 


S 


Local Dis. 


NA 






Th2 


SLR18 


62 


F 


II 


S 


Local Dis. 


NA 


Th2 


Th2 


Th2 


SLR19 


67 


M . 


IV 


S, IFN-a. R 


Mets 


NA 


Th2 


Th2 


Th2 



AIT, adoptive immunotherapy (VDLN cells); C, chemotherapy; Mets, metastatic disease; R, radiotherapy; S, surgery; DC/peptide, dendritic cell plus 
synthetic melanoma peptide vaccine; IFN-a, IFN-a therapy; NED, no evidence of disease at time of blood draw; NA, not available for evaluation. 
"Patient with ocular melanoma, Thl or Th2 assignment for peptide reactivity reflects donor responses of ^10 spots/50,000 CD41 T cells as deter- 
mined in IFN-7 or IL-5 ELISPOT assays, respectively. 
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reactive mAb clone 359-13F10 (IgG; provided by Dr. Janice 
Blum, Indiana University School of Medicine, Indianapolis, IN) 
in indirect immunofluorescence assays. PBMCs were diluted to 
lOVml in AIM-V medium (GIBCO BRL) and incubated for 60 
min at ^TC in T75 vented flasks (COSTAR), with subsequendy 
harvested adherent cells used to generate DCs (see below) and 
nonadherent cells firozen in 90% FCS containing 10% DMSO 
(Sigma-Aldrich) at 10^ lymphocytes/vial using controlled-rate 
fireezing technique. On the day of establishing DC-T cell cul- 
tures, nonadherent cells were thawed and washed twice with 
HBSS. 004"^ T cells were then isolated using MACS"^ (Mil- 
tenyi Biotec) anti-human CD4 beads and MiniMACS'"'" col- 
umns per the manufacturer's protocol. CD4''" T cell yields were 
typically 25-35% of starting PBMC numbers loaded, with purity 
exceeding 97% as assessed by flow cytometry. 

Induction of Antitumor T Effector Lymphocytes. Autologous 
DCs were prepared as described previously in 7-d cultures of 
plastic-adherent PBMCs in AIM-V media supplemented v^rith 
rhGM-CSF and rhIL-4 (26). Harvested, nonadherent DC (2 X 
10^) were then cocultured with 2X10^ autologous CD4"*" T cells 
in the presence of 10 |xM synthetic peptides for 7 d in RPMI- 
1640 containing 10% FBS and no exogenously added cytokines. 
Responder T cells were then harvested and analyzed for MAGE-6 
peptide specificity in ELISPOT assays. 

IFN-y and lL-5 EUSPOT Assays for Peptide-Reactive CD4-^ T 
Cell Responses, To evaluate the frequencies of peripheral blood 
CD4''" T cells recognizing peptide epitopes, ELISPOT assays for 
IFN-7 and IL-5 were performed as described previously (26, 27, 
37). Briefly, CD4^ T cell responses were evaluated by both IFN-7 
(Thl) and IL-5 (Th2) ELISPOT assays. For ELISPOT assays, 
96-well multiscreen hemagglutinin antigen plates (Millipore) 
were coated with 10 |xg/ml of anti-human IFN-7 mAb (1-DlK; 
Mabtech) or 5 (xg/ml of anti-human IL-5 (BD Biosciences) in 
PBS (GIBCO BRL/Life Technologies) overnight at 4**C. Un- 
bound antibody was removed by four successive washing with 
PBS. After blocking the plates with RPMI1640/10% human se- 
rum (1 h at 37^*0), 105 CD4+ T cells and T2.DR4 cells (2 X 10^ 
cells) were seeded in multiscreen hemagglutinin antigen plates. 
Synthetic peptides (stocks at 1 mg/ml PBS) were then added to 
appropriate wells at a final concentration of 10 fxg/ml. Negative 
peptide control wells contained CD4''" T cells with T2.DR4 cells 
pulsed with Malaria-CS326-345 peptide, with T2.DR4 cells alone 
serving as the APC control. Positive controls were T cells plated 
in the presence of 5 pig/ml PHA (Sigma-Aldrich). Culture me- 
dium was AIM-V (GIBCO BRL/Life Technologies) at a final 
volume of 200 ^tl/well. Plates were incubated at 37°C in 5% 
CO2 for 24 h in the case of IFN-7 ELISPOT assays and for 40 h 
in IL-5 ELISPOT assays. After incubation, supematants of cul- 
ture wells were harvested for ELISA analysis, and plates washed 
with PBS/0.05% Tween 20 (PBS/T) to remove cells. Captured 
cytokine was detected at sites of its secretion by incubation for 
2 h with biotinylated mAb anti-human IFN-7 (7-B6-1 ; Mabtech) 
at 2 ^.g/ml in PBS/0.5% BSA or biotinylated mAb anri— human 
IL-5 (BD Biosciences) at 2 ^tg/ml in PBS/0.5% BSA. Plates were 
then washed six times with PBS/T, and avidin-peroxidase com- 
plex (diluted 1:100; Vectastain EHte Kit; Vector Laboratories) was 
added for 1 h. Unbound complex was removed by three succes- 
sive washings with PBS/T and three rinses with PBS alone. AEC 
substrate (Sigma-Aldrich) was added and incubated for 5 min for 
the IFN-7 ELISPOT assay and the TMB substrate for peroxidase 
(Vector Laboratories) was added and incubated for 10 min for the 
IL-5 ELISPOT assay. All determinations were performed in trip- 
Ucates, with spots imaged using the Zeiss Autolmager (and statis- 



tical comparisons determined using a Student two-tailed t test 
analysis). The data are represented as mean IFN-7 or IL-5 spots 
per 100,000 CD4+ T cells analyzed. 

TGF-P 1 and IL- 1 0 EUSAs, Supematants were harvested 
fi-om ELISPOT plates at the endpoint of the culture period and 
pooled for a single stimulus (i.e., a given peptide, etc.) and fi-ozen 
at -20*'C until analysis by cytokine-specific ELISA. Cytokine 
capture and detection antibodies and recombinant cytokine were 
purchased firom BD Biosciences and used in ELISA assays per the 
manu&cturer's instructions. The lower limit of detection for the 
TGF-P assay was 60 pg/ml, while that of the IL-10 ELISA was 7 
pg/ml. In the case of IL-10, 1-5 responder CD4"'' T cells spots 
imaged in an IL-10 ELISPOT equated with ~12-17 pg/ml IL- 
10 as determined in the IL-10 ELISA assay (unpublished data). 

PCR Analysis. PCR analyses were performed to determine 
patient HLA-DR4 genotype using a commercial PCR panel ac- 
cording to the manufacturer's instructions (Dynal) and PBL. RT- 
PCR analysis was also used to determine tumor expression of 
MAGE-6 mRNA. The following primer set was used: MAGE-6 
(forward: TGGAGGACCAGAGGCCCCC, reverse: CAG- 
GATGATTATCAGGAAGCCTGT, product size 728 bp with 
cycles: melting 94*0 for 1 min, annealing 68°C for 1 min, exten- 
sion 72°C for 1 min). 



Results 

Normal HLA-DRpi*0401'^ Donors Fail to React or Dis- 
play a Mixed Thl/Th2 CD4-^ Response to MAGE-6 Epitopes 
after Primary In Vitro Stimulation. MAGE-6 peptides were 
not recognized by freshly-isolated CD 4'^ T cells harvested 
from normal HLA-DRB 1*0401+ donors (unpublished 
data). To determine if CD4"'" precursors were present in 
normal donors and to identify the balance of Thl-type ver- 
sus Th2-type responses, we implemented IFN-7 and IL-5 
ELISPOT assays, respectively. Although both IL-4 and IL-5 
have been previously reported as signature cytokines for 
Th2-type T cell responses (38, 39), we chose the IL-5 assay 
over the IL-4 ELISPOT assay to screen for Th2-type 
CD4''' T cell reactivity for technical reasons, mainly the 
much lower backgrounds and higher signal-to-noise ratio 
observed for the IL-5 ELISPOT system (37, 40). 

To evaluate whether normal donors could be prompted 
to recognize any of these sequences, isolated CD4^ T cells 
derived from the PBMCs of HLA-DR4-' normal do- 
nors were stimulated with autologous immature DCs in 
the presence of the individual MAGE-6 peptides (i.e., 
MAGE-6121-144. MAGE-6i4o_i7o, or MAGE-6246_263)- We 
chose this in vitro stimulation (IVS) protocol since the 
DCs generated were poor IL-12 producers upon CD40 H- 
gation and these antigen presenting cells do not appear to 
skew CD4''' T cell responses in either a Thl-type or Th2- 
type manner (unpubHshed data). Hence, we consider these 
as ** neutral" DC for CD4"'" T cell stimulations. 1 wk after 
stimulation, CD4''' T cells were used as responders against 
T2.DR4 target cells pulsed with the candidate DR4-bind- 
ing peptides. As shown in Fig. 1, an analysis of 10 normal 
HLA-DR4'** donors revealed either very low responsive- 
ness or responses that were equivocal with regard to their 
balance of IFN-7 versus IL-5 spot production. Although 
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Figure 1. Analysis of the Thl- 
type vs. Th2-type CD4+ T cell 
response to MAGE-6 peptides in 
HLA-DR31*0401+ normal do- 
nors. Peripheral blood CD4''' T 
cells were isolated from normal 
donors and stimulated with au- 
tologous, "immature" DCs in the 
presence of the MAGE-6i2i_i44 
(M121), MAGE-6i4o_i7o (ihol) 
(MHO), or MAGE-624fr.263 
(M246) peptides for 7 d, in the 
absence of exogenous cytokines. 
Responder CD4'*' T cells were 
then analyzed for their reactivity 
to T2,DR4 cells pulsed with in- 
dividual MAGE-6 peptides in 
both IFN-7 and IL-5 ELISPOT 
assays. Each symbol within a 
panel represents the combined 
IFN-7/IL-5 ELISPOT data for 
an individual normal donor. 



we did not perform these analyses in a manner that al- 
lowed for an assessment of coordinate cytokine production 
from a given CD 4"^ T cell, we considered these results 
from normal donors to reflect ThO-type or mixed Thl- 
type/Th2-type responses. 

Thl-type versus Th2-type Immunoreactivity of CD4'^ T 
Cells Against HLA-DR4~ Presented MAGES Epitopes in 
HLA-DR4'^ RCC or Melanoma Patients. Recent reports 
have suggested that CD4''' T cells infiltrating progressor 
RCC and melanoma may display a predominant Th2-bias 
in response to TCR Hgation (41, 42). We used the IFN-7 
(Thl-type) and IL-5 (Th2-type) ELISPOT assays to dis- 
cern whether such a bias existed in the peripheral blood 
CD4+ T ceU repertoire of HLA-DRpr0401+ patients 
with RCC or melanoma using the identical IVS system 
outlined above for normal donors. 



Overall, the peripheral blood CD4^ T cell responses 
were evaluated from 18 RCC and 18 melanoma patients 
(Table 1). Among these patients, 4/18 RCC patients and 
7/18 melanoma patients were disease-free (i.e., no-evi- 
dence of disease [NED]) at the time of analysis, with all 
other patients presenting with active disease. As shown in 
Fig. 2, patients with active disease (either RCC or mela- 
noma) displayed strongly Th2-polarized CD4"^ T cell re- 
sponses, whereas patients that were disease-free at the time 
of analysis were strongly Thl -polarized in their reactivity 
to the three MAGE-6 epitopes evaluated. Not every pa- 
tient reacted against each of the peptides tested, but if they 
did respond to a given epitope, this response was strongly 
polarized in accordance with the disease status of the indi- 
vidual (i.e., Th2 if active disease, etc.. Table I). Whereas 
the melanoma patients were all essentially diagnosed with 
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Figure 2. Analysis of the Thl-type vs. Th2- 
type CD 4^ T cell response to MAGE-6 peptides 
in HLA-DRpr0401^ patients with RCC or 
melanoma. Peripheral blood CD4^ T cells were 
isolated from patients with RCC or melanoma 
and stimulated for 7 d with autologous "imma- 
ture" plus MAGE-6 peptides as described in the 
legend to Fig. 1. Responder CD4'*^ T cells were 
then analyzed for their reactivity to T2.DR4 cells 
pulsed with individual MAGE-6 peptides in both 
IFN-7 and IL~S ELISPOT assays. Each symbol 
within a panel represents the combined IFN-7/ 
IL-5 ELISPOT data for an individual patient, 
with filled circles indicating patients with active 
disease and open inverted triangles reflecting pa- 
tients that were free of disease at the time of eval- 
uation, as described in Table 1. 



623 Tatsumi et al. 



MELANOMA 




RCC 



NORMAL 



O AD 




O NED 









200 400 600 800 




80O 



IFN-y Spots/lO^ CD4+ T Cells 



Figure 3. Patient CD4+ T cells from 
IVS cultures exhibit normal, mixed 
Thl/Th2 responses to PHA mitogenic 
stimulation regardless of disease status. 
CD4* T cell cultures obtained from IVS 
outlined in Figs. 1 and 2 were analyzed 
for their response to PHA mitogen (5 
fig/ml). Each symbol represents the 
combined IFN-7/IL-5 ELISPOT data 
for an individual, with melanoma or 
RCC patients with active disease de- 
noted by filled circles, and patients with 
no evidence of disease indicated by 
open circles. 



Stage IV disease (with the exception of patients SLM6, 
SLM9, and SLM23), the RCC patients were approxi- 
mately equally represented by individuals with stage I or 
stage IV disease (with patient SLR 17 exhibiting stage II 
disease). A comparison of whether the observed Th2- 
polarization in CD4''" T cell response to MAGE-6 pep- 
tides (Fig. 2, top series) was correlated with disease stage in 
RCC patients, provided no statistically significant associa- 
tions (stage I versus stage IV for MAGE-6121-144 [P = 
0.89]; for MAGEno-no [P ^ 0.27]; for MAGE-6 

246-263 

[P = 0.50]). 

Patients with active disease were not predisposed to a 
general Th2-type polarization in their CDA^ T cell re- 
sponses. An evaluation of CD4'^ T cells from the patients 
with melanoma or RCC, or normal donors revealed mixed 
Thl-/Th2-type responses to PHA mitogenic stimulation 
in IFN-7 and IL-5 ELISPOT assays (Fig. 3). As groups, pa- 
tients with active disease, patients with no evidence of dis- 
ease and normal donors proved indistinguishable in their 
bulk CD4'^ T cell responses to mitogen. Using a series of 
newly defined HLA-DR4-presented helper epitopes de- 
fined from the influenza virus matrix protein (FluMl6o_73; 
reference 35) andEBVEBNA-1 (EBNA-l5i9_533; reference 
36), we were able to evaluate CD4'^ T cell responses in pa- 
tients SLR18 and SLR19 who each presented with active 
disease at the time of analysis (Fig. 4). In each case, strongly 
Th2-type biased CD4^ T cell reactivity was noted against 



the three MAGE-6 epitopes, with concurrent Thl-type 
polarized CD4'*' T cell antiviral responses. 

Patients with RCC or Melanoma Do Not Exhibit Th3'/Tr- 
type CD4'^ T Cell Responses to MAGE-6 Epitopes. Al- 
diough no ELISPOT is currentiy available to evaluate 
TGF-p production, an index for the bioactivity of the Tr- 
type CD4"'' T cells, we analyzed the supernatant from the 
peptide-stimulated ELISPOT wells for TGF-^ levels using 
a cytokine specific ELISA assay. All supematants were be- 
low the level of detection for secreted TGF-3 (i.e., <60 
pg/ml, unpublished data) . We also evaluated these supema- 
tants for the presence of IL-10 production and were unable 
to demonstrated peptide-specific secretion of this cytokine 
(i.e., <7 pg/ml, unpublished data). Based on direct com- 
parison to a newly developed IL-10 ELISPOT assay, as few 
as 1-5 IL-10 secreting CD4+ T cells (per 50,000) would 
have registered as 12-17 pg IL-lO/ml in our ELISA assay 
(unpublished data). Hence we believe that these patients 
have, at best, very few (frequencies ^1/50,000 CD4'^ T 
cells) in their peripheral blood. 

Successfiil therapy associated with NED status is linked 
to a conversion of peripheral Th2-type to Thl-type CD4'^ 
T cell response to MAGE-6 epitopes. RCC patient SLR 12 
with stage I disease was surgically managed, resulting in dis- 
ease-free status. Peripheral blood 004"^ T cell responses 
were evaluated pre- and postsurgery in IFN-'y and IL-5 
ELISPOT assays against the MAGE-6i2i-i44» MAGE- 
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Figure 4. Peripheral blood CD4"^ T cells from patients 
SLM 18 and SLM19 display Th2-type reactivity to 
MAGE-6 epitopes, but Thl-type reactivity to viral 
epitopes. CD4"^ T cells were stimulated with immature 
autologous DCs pulsed with the indicated peptides for 1 
wk, as oudined in Figs. 1 and 2. Responder CD4^ T cells 
were then analyzed for their reactivity to T2.DR4 cells 
pulsed with individual MAGE-6, influenza matrix, or 
EBV peptides in both IFN-7 and lL-5 ELISPOT assays. 
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6i4o-i70> ^^^^"^246-263 cpitopcs, as Outlined above. 
Weak Th2-biased responses were noted against the MAGE- 
6 J 21-1 44 and MAGE-6246-263 peptides before surgery, while 
weak, but Thl -biased responses against these epitopes were 
noted 1 mo postsurgery (Fig. 5 A). 

Patient SLMl with stage IV melanoma was treated with 
an autologous DC-based vaccine (UPC I 95-060) and 
achieved a complete response in March 1997. Peripheral 
blood CD4*^ T cells were isolated both pre- (8/96 and 3/97) 
and post- (4/97, 11/98) regression of disease. Patient SLMl 
was disease-free at the time of both postregression time 
points. As shown in Fig. 5 B, this patient reacted to all 
three MAGE-6 epitopes in a strongly Th2-biased manner 
before regression, but displayed only Thl -type reactivity 
after the tumor burden was cHnically eradicated. 



Discussion 

We analyzed peripheral blood T cells harvested from 
HLA-DRpi*0401'^ normal donors and patients widi 
RCC or melanoma for the magnitude and nature of CD4''" 
T cell responses to 3 MAGE-6 epitopes that we have re- 
cendy identified as HLA-DR3 1*0401 -presented epitopes 
(unpublished data). We observed a dominance of Th2-type 
(and a frequent lack of any Thl -type) CD4:^ T cell re- 
sponses to these MAGE-6 epitopes in RCC and melanoma 
patients with active disease (Fig. 2). In marked contrast, 
normal donors and patients that had been successfully 
treated and were disease free at the time of analysis, dis- 
played either mixed Thl-/Th2-type or strongly Thl- 
polarized immunity to these same peptides. It should be 
stressed that these polarized CD 4"^ T cell responses are spe- 
cific for the tumor peptides tested and do not reflect the 
general tendency of the donor to respond in a generically 
Th2- (or Thl-) biased fashion, as the mitogen (PHA) con- 



trol spot frequencies obtained for both the IL-5 and IFN-7 
ELISPOT assays were indiscriminant between patients 
with cancer, patients that were free of disease, and normal 
donors (Fig. 3). In addition, for two RCC patients (SLR18 
and SLR19) evaluated, Th2-type immunity to MAGE-6 
peptides coexisted with strong Thl -type immunity to in- 
fluenza- and EBV-derived helper epitopes (Fig. 4). Overall, 
although these data derive from relatively few patients, they 
suggest that Th2-type dominated CD4"*" T ceU responses 
against MAGE-6 epitopes may correlate with active disease 
status in the patient. 

However, when the results of RCC patients with stage I 
disease were compared with those of RCC patients with 
stage IV disease, we were unable to determine any signifi- 
cant linkage between the degree of Th2-polarization to 
MAGE-6 epitopes and disease-stage in patients with active 
disease. As MAGE-6 appears to represent an early tumor- 
associated antigen, observed in even premalignant lesions 
(29—31), our results may suggest that skewing of a normally 
mixed Thl-/Th2-type MAGE-6-specific CD4"^ T cell re- 
sponses toward Th2-dominated immunity may also be an 
early event in disease progression. Such polarization could 
result from chronic antigenic restimulation in situ through- 
out disease ontogeny, and could be initiated even in indi- 
viduals with premalignant MAGE-6'*" lesions, potentially 
serving as a facilitator of disease progression. 

Clearly, far more extensive longitudinal studies wlQ be 
required to determine the prognostic significance of differ- 
ential Thl- versus Th2-type in the progression, clearance, 
and/or recurrence of disease. Although we are now in the 
process of initiating these types of comprehensive studies at 
the UPMC and UPCI, our preliminary data provided in 
Fig. 5, suggests that in an RCC patient that was surgically 
managed and a melanoma patient that was treated with an 
autologous DC-based vaccine, that Th2-biased responses 
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Figure 5. Analysis of the Thl -type vs. 
Th2-type CD4+ T cell response to MAGE-6 
peptides in HLA-DRpi*040r RCC and 
melanoma patients pre/posttherapy. Periph- 
eral blood T cells were isolated from an RCC 
patient SLR12 (A) and melanoma patient 
SLMl (B) pre- or posttherapy. In both cases, 
therapy resulted in disease-free status. In the 
case of patient SLR 12, blood was drawn at 
the time of surgery (611ed circle) and 2 mo 
postsurgery (open inverted triangle). Patient 
SLMl was treated with a DC-based vaccine, 
resulting in a complete response in 3/97. 
Blood was drawn pretherapy and during ther- 
apy, but before regression (filled circles) and 
after complete regression (open inverted tri- 
angles). 7-d rVS were performed as oudined 
in Fig. 1, with responder CD4'^ T cells ana- 
lyzed for their reactivity to T2.DR4 cells 
pulsed with individual MAGE-6 peptides in 
both IFN-7 and IL-5 ELISPOT assays. 
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to MAGE-6 epitopes shifted to Thl -biased response after 
the patient achieved disease-free status. Furthermore, 
based on preliminary MHC -peptide tetramer analysis, 
MAGE-6 reactive CD4"^ T cells were observed to increase 
in the peripheral blood, at least transiendy, as soon as 1-2 
mo after successftil therapy (unpubHshed data), which may 
support the register of these helper T cell responses with 
clinical benefit. 

An additional important consideration in our prospective 
analyses will be a carefid comparison of systemic versus tu- 
mor-associated CD4^ T cell response polarization to 
MAGE-6 epitopes. It would be hypothesized that the most 
dramatic polarizations and highest frequencies of non-Thl 
polarized tumor antigen-specific CD4'^ T cells would be 
identified in the tumor microenvironment and tumor- 
draining lymph nodes. Although we have reported an es- 
sentially quahtative Th2-type bias in response to MAGE-6 
peptides in the peripheral blood of patients with active dis- 
ease, we have been thus far, unable to demonstrate systemic 
antigen-specific Th3/Tr-type CD4^ T cell responses to 
these epitopes. This may suggest that these latter responses 
are rare-events in the patient, or alternatively, that they 
may be concentrated and best observed within the tumor- 
involved tissues of the patient. 

An analysis of the data presented in Table I indicates that 
12/15 (i.e., 80%) evaluable melanoma biopsies expressed 
the MAGE-6 antigen as deduced by RT-PCR analysis. In 
ail 12 of tiiese MAGE-6-^ patients, Thl -type or Th2-type 
CD4^ T cell responses were detected by ELISPOT analysis 
against at least one of the three MAGE-6 epitopes analyzed 
in this study. In 2/3 cases where the patient's tumor failed 
to express the MAGE-6 gene product, the patient's CD4'^ 
T cells did not react to MAGE-6 epitopes. The resected 
tumor in patient SLM22, however, failed to express the 
MAGE-6 mRNA, yet Th2-type €04"^ T cell responses 
were observed against all three MAGE-6-derived helper 
epitopes. This result may be due to MAGE-6 expression by 
nonresected metastatic lesions in this stage IV patient with 
active disease. Alternatively, the anti-MAGE-6 CD4'^ T 
cells may be reacting or cross-reacting against homologous 
epitopes derived from other MAGE-A family member pro- 
teins. An analysis of all MAGE-A family members suggests 
that this possibihty would be most Ukely for the MAGE- 
6121-144 peptide, which is identical to the homologous 
MAGE-3 sequence, but which differs in sequence at 3 or 
more key positions with all other MAGE-A members (un- 
published data). This possibility is less likely for the 
MAGE-6i4o_i7o and MAGE-6246-263 epitopes diat differ 
from the homologous MAGE-3 sequence by two noncon- 
servative D156S and Y249H substitutions within the puta- 
tive core binding epitope (unpubHshed data). Additional 
nonconservative changes in these two epitope sequences 
are noted when comparing MAGE-6 to all other MAGE-A 
members. As corollary analyses, we will prospectively de- 
termine whether patient CD4'^ T cells isolated using spe- 
cific HLA-DR4/MAGE-6 peptide tetramers recognize the 
homologous MAGE-A family sequences. 

In these studies, we chose an in vitro induction assay us- 



ing autologous immature monocyte-derived (i.e., myeloid) 
DCs that appeared not to skew the nature of the isolated 
CD4"*" T cell response to a given epitope. In preliminary 
studies, we analyzed freshly-isolated CD 4'^ T cells from 
melanoma patients as the responders (arguably recall 
responses) to peptide-pulsed T2.DR4 targets in our 
ELISPOT assays and discerned the same cytokine (IFN 
versus IL-5) secretion bias, as we report after IVS. We sys- 
tematically implemented the 7-d IVS (using immature my- 
eloid DCs) protocol as this amplified the technically- 
detectable (ZEISS Autolmager) spot numbers in each of 
the assays, without changing the bias of cytokines pro- 
duced. We feel that this is a reasonable amplification tool in 
the outlined work. As this report was designed to reflect, as 
closely as possible, the in situ peripheral repertoire, we have 
not attempted to delineate how other DC subsets or condi- 
tioning regimens alters the bias of the responder repertoire 
in the current manuscript. Our data, however, may suggest 
that immature DCs, such as have been implemented in a 
number of vaccine trials (43, 44), may be cHnically-inferior 
to strong DCl-type cells (producing high quantities of IL- 
12; references 45 and 46) due to their comparative inability 
to promote strong Thl -biased immunity in the face of ex- 
isting Th2-type responses. 

So, why does the tumor-reactive CD 4"^ T cell reper- 
toire shift to a Th2-dominated phenotype in situ in cancer 
bearing patients? A number of nonmutually exclusive hy- 
potheses have been proffered. These include: immune de- 
viation via chronic antigenic stimulation and selective sen- 
sitivity of Thl -type CD4'^ T cells to activation-induced 
apoptosis (47), the promotion of DC2-type (i.e., Th2-type 
promoting) antigen-presenting cell fiincdon conditioned 
by tumor-secreted cytokines and chemokines (i.e., IL-10, 
TGF-p, SDF-1; references 48 and 49), and the enforced 
repolarization of Thl type-responses into Th2-type re- 
sponses in situ (50), among others. Using MHC/MAGE-6 
peptide tetramers, we anticipate the ability to assess the 
proapoptotic phenotype of specific CD4''' T cells in pa- 
tients with active disease versus those that have achieved 
NED status in future studies. Our current studies investi- 
gating CD4'^ T cell response to viral epitopes suggest that 
patient DCs do not exert a dominant DC2 functional phe- 
notype in vitro. Clearly these important issues demand in- 
tense prospective evaluation. 

Although we are currently analyzing DC-based vaccines 
that are capable of repolarizing Th2-type tumor-reactive 
CD4''' T cells toward Thl -type immunity, this may not 
necessarily represent the clinically preferred modahty for 
the treatment of existing disease. As previously mentioned, 
Th2-type tumor-specific CD4*^ T cells may well prove 
productive collaborators to Thl -type CD4'^ T cells in me- 
diating tumor regression via different, but complementary 
mechanisms (9-12, 14, 20). This may be particularly im- 
portant in the case of MHC class I-loss variant tumon that 
will be impervious to Thl-type CD4'^ T cell-sponsored 
cytotoxicity mediated by CDS"*" antitumor T cells (10, 11). 
Regardless of which underlying mechanism leads to tumor 
regression, it appears clear that strong Thl-type tumor-spe- 
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cific T cell responses will be important in the maintenance 
of durable cellular immunity (12) and extended disease-free 
intervals in those patients at high-risk for recurrence. 

The authors wish to thank Dr. Walter Olson and Mr. William 
Knapp for their excellent technical support and to Drs. Eva Pizzo- 
ferrato, Anna Kalinska, and Cynthia Brissette-Storkus for their carefiil 
review and comments during the generation of this manuscript. 

This work was supported by grants from the National Institutes 
of Health CA 57840, CA 73743, and CA 82297 (WJ. Storkus) and 
the Kidney Cancer Association (L.S. Kierstead). 

Submitted: 27 December 2001 
Revised: 4 June 2002 
Accepted: IS July 2002 

References 

1. Jager. E., D. Jager, and A. Knuth. 1999. CTL-defined cancer 
vaccines: perspectives for active immunotherapeutic inter- 
ventions in minimal residual disease. Cancer Metastasis Rjev. 
18:143-150. 

2. Lindauer, M., T. Stanislawski, A. Haussler, E. Antunes, A. 
Cellary, C. Huber, and M. Theobald. 1998. The molecular 
basis of cancer inmiunotherapy by cytotoxic T lymphocytes, 
J, MoL Med. 76:32-47. 

3. CouHe, P,G, 1997. Human tumour antigens recognized by T 
cells: new perspectives for anti-cancer vaccines? MoL Med, 
Today, 3:261-268. 

4. Nielsen, M,B., and P.M. Marincola. 2000. Melanoma vac- 
cines: the paradox of T cell activation without clinical re- 
sponse. Cancer Chemother, Pharmacol 46:S62-S66. 

5. Brasanac, D,, J. Markovic-Lipokovski, J. Hadzi-Djokic, G.A. 
Muller, and CA. MuUer. 1999. Immunohistochemical analy- 
sis of HLA class II antigens and tumor infiltrating mononu- 
clear cells in renal cell carcinoma: correlation of clinical and 
histopathological data. Neoplasma, 46:173-178. 

6. Ruiter, D.J., V. Matrijssen, E.B. Broecker, and S. Ferrone. 
1991. MHC antigens in human melanomas. Semin, Cancer 
Biol. 2:35-45. 

7. Hoffinann, T.K., N. Meidenbauer, J, Mueller-Berghaus, 
W.J. Storkus. and T.L. Whiteside. 2001. Proinflammatory 
cytokines and CD40 ligand enhance cross-presentation and 
cross-priming capabihty of human dendritic cells internalizing 
apoptotic cancer cells. J. Immunother. 24:162-171. 

8. Nesde, F.O., S. Alijagic, M. Gilliet, Y. Sun. S. Grabbe. R. 
Dummer, G. Burg, and D. Schadendorf 1998. Vaccination 
of melanoma patients with peptide- or tumor lysate-pulsed 
dendritic cells. Nat. Med, 4:328-332. 

9. Hung, K., R. Hayashi, A, Lafond- Walker, C. Lowenstein, D. 
PardoU. and H. Levitsky. 1998. The central role of CD4+ T 
cells in the antitumor immune response. J. Eocp. Med. 188: 
2357-2368. 

10. Levitsky. H.I., A. Lazenby, R.J. Hayashi, and D.M. Pardoll. 
1994. In vivo priming of two distinct antitumor eflfector pop- 
ulations: the role of MHC class I expression. J. Exp. Med. 
179:1215-1224. 

11. Dranoff, G., E. Jaffee, A. Lazenby. P. Golumbek, H. Lev- 
itsky, K. Brose, V. Jackson, H. Hamada, D. Pardoll, and 
R.C. Mulligan. 1993. Vaccination with irradiated tumor cells 
engineered to secrete murine granulocyte-macrophage col- 
ony-stimulating factor stimulates potent, specific, and long- 
lasting anti-tumor immunity. Proc. Natl, Acad. Sci. USA. 90: 



3539-3543, 

12. Fallarino. F.. U. Grohmann, R, Bianchi, C. Vacca. M.C. 
Fioretri, and P. Puccetti. 2000. Thl and Th2 cell clones to a 
poorly immunogenic tumor antigen initiate CD8-f T cell- 
dependent tumor eradication in vivo. J. Immunol. 165:5495- 
5501. 

13. Nagai, H., I. Hara, T. Horikawa, M. Oka, S. Kamidono, and 
M. Ichihashi. 2000. Elimination of CD4+ T cells enhances 
anti-tumor effect of locally secreted interleukin-12 on B16 
mouse melanoma and induces vitiligo-like coat color alter- 
ation./ Inuest. Dermatol. 115:1059-1064. 

14. Nishimura, T., K. Iwakabe, M. Sekimoto, Y. Ohmi. T. Ya- 
hata, M. Nakui, T. Sato, S. Habu, H. Tashiro, M, Sato, and 
A. Ohta. 1999. Distinct role of antigen-specific T helper type 
1 (Thl) and Th2 cells in tumor eradication in vivo. J. Exp. 
Med. 190:617-627. 

15. Nishimura, T., M. Nakui, M. Sato, K. Iwakabe. H. Kita- 
mura, M. Sekimoto. A. Ohta, T. Koda. and S. Nishimura. 
2000. The critical role of Thl -dominant iirununity in tumor 
immunology. Cancer Chemother. Pharmacol. 46:S52-S61. 

16. Gorelik. L., and R.A. Flavell. 2001. Immune-mediated erad- 
ication of tumors through the blockade of transforming 
growth factor-beta signaling in T cells. Nat. Med, 7:1118- 
1122. 

17. Seo. N.. S. Hayakawa, M. Takigawa, and Y. Tokura. 2001. 
Interleukin-10 expressed at early tumour sites induces subse- 
quent generation of CD4+ T-reguiatory cells and systemic 
collapse of antitumour immunity. Immunology. 103:449-457. 

18. Oka, H., Y. Emori, Y. Hayashi, and K. Nomoto. 2000. 
Breakdown of Th cell iirunune responses and steroidogenic 
CYPllAl expression in CD4-f T cells in a murine model 
implanted with B16 melanoma. Cell, Immunol, 206:7-15. 

19. Kobayashi, M.. H. Kobayashi, R.B. Pollard, and F. Suzuki. 

1998. A pathogenic role of Th2 cells and their cytokine 
products on the pulmonary metastasis of murine B16 mela- 
noma. J. Immunol 160:5869-5873. 

20. Lowes, M.A., G.A. Bishop, K. Crotty, R.S. Bametson, and 
G.M. Halliday. 1997. T helper 1 cytokine mRNA is in- 
creased in spontaneously regressing primary melanoma. J, In- 
vest. Derm. 108:914-919. 

21. Schwaab. T., J.A. Heaney, A.R. Schned, R.D. Harris, B.F. 
Cole, R.J. Noelle, D.M. Phillips, L. Stempkowski, and M.S. 
Emstoff, 2000. A randomized phase II trial comparing two 
different sequence combinations of autologous vaccine and 
human recombinant interferon gamma and human recombi- 
nant interferon alpha2B therapy in patients with metastatic 
renal cell carcinoma: clinical outcome and analysis of immu- 
nological parameters. J. Urol 163:1322-1327. 

22. Wittke, F., R. Hoffinann. J. Buer, I. Dalhnann, K. Oever- 
mann, S, Sel. T. Wandert, A. Ganser, and J. Atzpodien. 

1999. Interleukin 10 (IL-10): an immunosuppressive fector 
and independent predictor in patients with metastatic renal 
cell carcinoma. Br. J. Cancer. 79:1182-1184. 

23. Aoki. Y.. I. Tsuneki. M. Sasaki. M. Watanabe, T. Sato, H. 
Aida. and K. Tanaka. 2000. Analysis of Thl and Th2 cells by 
intracellular cytokine detection with flow cytometry in pa- 
tients with ovarian cancer. Gynecol Obstet. Invest. 50:207- 
211. 

24. Goedegebuure. P.S., and T.J, Eberlein. 1995. The role of 
CD4+ tumor-infiltrating lymphocytes in human soUd tu- 
mors. Immunol Res. 14:119-131. 

25. Pardoll, D.M., and S.L. TopaUan. 1998. The role of CD4+ 
T cell responses in antitumor immunity. Curr. Opin. Immu- 



627 Tatsumi et al. 



ml. 10:588-594. 

26. Zarour, H.. J.M. Kirkwood, L.S. Kierstead. W. Herr, V. 
Bmsic, C.L. Slingluff, A. Sette, S. Southwood, and WJ. 
Storkus. 2000. MART- 1 51.73 represents an immunogenic 
HLA-DR4-restricted epitope recognized by melanoma-reac- 
tive CD4+ T cells. Proc. Natl Acad, Set. USA. 97:400-^05. 

27. Kientead, L.S.. E. Ranieri, V. Brusic, J. Sidney, A. Sette, 
C.L. SUngluff, J.M. Kirkwood, J.M., and W.J. Storkus. 2001. 
Multiple gplOO- and tyrosinase-derived peptides are recog- 
nized by melanoma-reactive CD4+ Thl-type T cells. Br. J. 
Cancer. 85:1738-1745. 

28. Chaux, P., V. Vantomme, V. Stroobant, K. Thielemans, J. 
Corthals, R. Luiten, A.M. Eggermont, T. Boon, and P. van 
der Bruggen. 1999. Identification of MAGE-3 epitopes pre- 
sented by HLA-DR molecules to CD4+ T lymphocytes. J. 
Exp. Med. 189:767-778. 

29. Gibbs, P., A.M. Hutchins, K.T. Dorian, H.A. Vaughan, LD. 
Davis, M. Silvapulie, and J.S, Cebon. 2000. MAGE-12 and 
MAGE-6 are fi*equendy expressed in malignant melanoma. 
Melanoma Res. 10:259-264. 

30. Sudo, T., T. Kuramoto, S. Komiya, A. Inoue. and K. Itoh. 
1997. Expression of MAGE genes in osteosarcoma. J. Orthop. 
Res. 15:128-132. 

31. Ishida, H., T. Matsumura. M.L. Salgaller, Y. Ohmizono, Y. 
Kadono, and T. Sawada. 1996. MAGE-1 and MAGE-3 or -6 
expression in neuroblastoma-related pediatric solid tumors. 
Int. J. Cancer. 69:375-380. 

32. Ruiter, D.J., V. Mattijssen, E.B. Broecker, and S. Ferrone. 
1991. MHC antigens in human melanomas. Semin. Cancer 
B/o/. 2:35-45. 

33. CoUoby, P.S., K.P. West, and A. Fletcher. 1992. Is poor 
prognosis really related to HLA-DR expression by malignant 
melanoma cells? Histopathology. 20:411-416, 

34. Turvy, D.N., and J.S. Blum. 1998. Detection of biotinylated 
cell surface receptors and MHC molecules in a capture 
ELISA: a rapid assay to measure endocytosis. J. Immunol. 
Methods. 212:9-18. 

35. Linnemann, T., G. Jung, and P. Walden. 2000. Detection 
and quantification of CD4-1- T cells v/ith specificity for a ncv/ 
major histocompatibility complex class Il-restricted influenza 
A virus matrix protein epitope in peripheral blood of influ- 
enza patients./ Virol. 74:8740-8743. 

36. Leen, A., P. Meij, I. Redchenko, J. Middeldorp, E. Bloe- 
mena, A. Rickinson, and N. Blake. 2001. Differential immu- 
nogenicity of Epstein-Barr virus latent-cycle proteins for hu- 
man CD4+ T-helper 1 responses. J. Virol. 75:8649-8659. 

37. Herr, W., E. Ranieri, W. Olson, H. Zarour, L. Gesualdo, 
and W.J. Storkus. 2000. Mature dendritic cells pulsed v/ith 
tumor freeze-thav^r lysate define an effective in vitro vaccine 
designed to ehcit EBV-specific CD4+ and CD8-I- T lym- 
phocyte responses. Blood. 96:1857-1864. 

38. Swain, S.L., D.T. McKenzie, R.W. Dutton, S.L. Tonko- 
nogy, and M. Enghsh. 1988. The role of 1L4 and 1L5: charac- 
terization of a distinct helper T cell subset that makes 1L4 and 
1L5 (Th2) and requires priming before induction of lym- 
phokine secretion. Immunol. Reu. 102:77-105. 

39. Constant, S.L., and K. Bottomly. 1997. Induction of Thl and 



Th2 CD4+ T cell responses: the alternative approaches. 
Annu. Rev. Immunol. 15:297-322. 

40. Beimouna, J., A. Hildesheim, K. Chikamatsu, W. Gooding, 
W,J. Storkus, and T.L. Whiteside. 2002. Application of IL-5 
ELISPOT assays to quantitation of antigen-specific T helper 
responses, J. Immunol. Methods. 261:145-156. 

41. Kharkevitch, D.D., D. Seito, G,C. Balch, T. Maeda, CM. 
Balch, and K. Itoh. 1994. Characterization of autologous tu- 
mor-specific T-helper 2 cells in tumor-infiltrating lympho- 
cytes fi-om a patient with metastatic melanoma. Int. J. Cancer. 
58:317-323. 

42. Maeurer, MJ., D.M. Martin, C. Castelli, E. Elder, G. Leder, 
W.J, Storkus, and M.T. Lotze. 1995. Host Immune response 
in renal cell cancer: IL-4 and IL-10 mRNA are firequently 
detected in fireshly collected tumor infiltrating lymphocytes. 
Cancer Immunol. Immunother. 41:11 1-121 . 

43. Geiger, J.D., R.J. Hutchinson, L.F. Hohenkirk, E.A. Mc- 
Kenna, G.A. Yanik, J.E. Levine, A.E. Chang, T.M. Braun, 
and J.J. Mule. 2001. Vaccination of pediatric soUd tumor pa- 
tients ynth tumor lysate-pulsed dendritic cells can expand 
specific T cells and mediate tumor regression. Cancer Res. 61: 
8513-8519. 

44. Jonuleit, H., A. Giesecke-Tuettenbei^, T. Tueting, B. 
Thumer-Schuler, T.B, Stuge, L. Paragnik, A. Kandemir, 
P.P, Lee, G. Schuler, J. Knop, and A.H. Enk, 2001. A com- 
parison of two types of dendritic cell as adjuvants for the in- 
duction of melanoma-specific T-cell responses in humans fol- 
lowing intranodal injection. Int. J. Cancer. 93:243-251. 

45. de Jong, E.G., P.L. Vieira, P. Kalinski, J.H. Schuitemaker, Y. 
Tanaka, E.A. Wierenga, M. Yazdanbakhsh, and M.I. 
Kapsenbei^. 2002. Microbial compounds selectively induce 
Thl cell-promoting or Th2 cell-promoting dendritic cells in 
vitro v^th diverse Th cell-polarizing signals. J. Immunol. 168: 
1704-1709, 

46. Rissoan, M.C., V. Soumelis, N, Kadowaki, G. Grouard, F. 
Briere, R. de Waal Malefyt, and Y.J. Liu. 1999. Reciprocal 
control of T helper cell and dendritic cell differentiation. Sci- 
ence. 283:1183-1186. 

47. Zhang, X., T. Brunner, L. Carter. R.W. Dutton, P. Rogers, 
L. Bradley, T. Sato, J.C. Reed. D. Green, and S.L. Swain, 
1997. Unequal death in T helper cell (Th)l and Th2 effec- 
tors: Thl. but not Th2, effectors undergo rapid Fas/FasL- 
mediatedapoptosis.y. Exp. Med. 185:1837-1849. 

48. Bellone, G.. A. Turletti, E. Artusio, K. Mareschi, A. Car- 
bone, D. Tibaudi, A. Robecchi. G. Emanuelli, and U. Ro- 
deck. 1999. Tumor-associated transforming growth fector- 
beta and interleukin-10 contribute to a systemic Th2 
immune phenotype in pancreatic carcinoma patients. Am. J. 
Pathol. 155:537-547, 

49. Zou, W., V. Machelon, A. Coulomb-L*Hermin, J. Borvak, 
F. Nome, T. Isaeva, S. Wei, R. Krzysiek, I. Durand-Gasse- 
lin, A. Gordon, et al. 2001. Stromal-derived factor-1 in hu- 
man tumors recruits and alters the fiinction of plasmacytoid 
precursor dendritic cells. Nat. Med. 7:1339-1346. 

50. Kourilsky, P.. and P. Truffa-Bachi. 2001, Cytokine fields and 
the polarization of the immune response. Trends Immunol. 22: 
502-509. 



628 



MAGE-6 Reactive Thl-/Th2-type CD4-^ T Cell Responses 



[CANCER RESEARCH 59, 2668-2674, June I, 1999] 



Identification of a Promiscuous T-Cell Epitope Encoded by Multiple Members of 
the MAGE Family* 

Silvia Tanzarella, Vincenzo Russ , Uaria Lionello, Piero Daierba, D nata Rigatti, Claudi Bordignon, and 
Catia Traversari^ 

Telethon Institute of Gene Therapy and Cancer Immunotherapy and Gene Therapy Pro-am. Istitnto Sdentifico H. S. Raffaele, 20132 Milano. Italy 



ABSTRACT 

One of the major limitations of tumor-specific vaccination is the gen- 
eration of antigen-loss variants that are able to escape the immune re- 
sponse elicited by a monoantigenic peptide epitope. Here, we report the 
identification of a new HLA-B*3701 -restricted epitope shared by four 
different members of the MAGE family. Peripheral blood lymphocytes 
isolated from a melanoma patient were stimulated in vitro with the autol- 
ogous HLA-negative melanoma line transfected with autologous HLA 
B*3701 molecule. This protocol led to the induction of tumor-specific, 
B*3 701 -restricted CTLs specific for a peptide epitope encoded by codons 
127-136 of the gene MAGE-L The same epitope is also encoded by the 
homologous region of three other members ot the MAGE family, MAGE-2, 
-5, and -6, Consistent with the notion that the peptide encoded by MAGE-1 
codons 127-136 Is, indeed, processed from the proteins encoded by all four 
MAGE family members, the CTLs were able to specifically recognize 
Cos-7 cells cotransfected with HLA-B*3701 and any of these MAGE genes. 
Moreover, the CTLs also recognized a ^£4GE-6-positive melanoma line 
transfected with the B*3701 molecule. These findings allow the inclusion 
of a new set of tumor patients into clinical cancer vaccination trials. 
Furthermore, they suggest that some promiscuous peptide epitopes shared 
by different members of the MAGE family might be less prone to escape 
the immune response by generation of MAGE antigen loss variants. 

INTRODUCTION 

A number of studies have demonstrated that CTLs recognizing 
himian tumor cells can be isolated from PBLs^ and tumor-infiltrating 
lymphocytes of cancer patients (1). An in vivo role of such tumor- 
specific effectors is suggested by the results of several immunother- 
apy trials, mainly performed in melanoma patients (2-5). 

Over the last few years, the use of such tumor-specific effectors has 
allowed the isolation of several genes encoding tumor antigens (6). 
According to the pattern of expression in neoplastic and normal 
tissues, these antigens can be classified into four classes, which have 
different degrees of tumor specificity and clinical relevance. The first 
class comprises antigens encoded by genes expressed in various 
tumors of different histotypes but not in normal tissues, other than 
testis and placenta, such as MAGE, GAGE, and BAGE (7-9). The 
second class represents differentiation antigens that are only ex- 
pressed in melanoma and melanocytes, such as tyrosinase, Melan-AI 
MART-], gpIOO, TRP-1, and TRP-2 (10-15). The antigens belonging 
to the third class are generated by point mutations in genes that are 
ubiquitously expressed (16-18). The fourth class of antigens, which 
has been defined only recently, is represented by TRP'2-INT2, an 
, antigen shared between melanomas but not expressed in normal cells 
of the melanocytic lineage (19). 
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Tumor antigens belonging to the MAGE family have especially 
elicited considerable interest because six of them, MAGE-1, -2, -3, -4, 
-6, and -12, are expressed selectively by a significant proportion of 
primary and metastatic tumors, including melanomas, limg, bladder, 
ovarian, and breast carcinomas (7, 20-23). 

Clinical trials of vaccination, based on the use of antigenic peptides 
encoded by MAGE-1 and -3, are in progress in patients affected by 
melanoma and other neoplastic diseases (3). Nevertheless, the use of 
MAGE-2, -4, and -6 proteins as targets for tumor-specific immuno- 
therapy has been hampered by the uncertainty as to whether these 
proteins can be recognized by specific CTLs of the immune system. 

Potential limitations to the wide application of this therapeutic 
approach are the limited number of characterized CTL epitopes (i.e., 
tumor antigen peptides and appropriate HLA class I alleles) and the in 
vivo generation of antigen loss variants that are able to escape the 
immune response elicited by a monoantigenic vaccine (24). Indeed, 
such clinical protocols apply only to patients carrying a tumor ex- 
pressing a well-known tumor antigen and a defined HLA allele. 
Unfortunately, a large majority of cancer patients do not fialfill these 
including criteria. Therefore, identification of new antigenic determi- 
nants is a priority because it would increase the number of patients 
that could benefit firom antitumor vaccination protocols. 

Here, we report the identification of a new HLA-B*3701 -restricted 
epitope, encoded by homologous regions of the MAGE-1, -2, -3, and 
-6 genes. The use of identical antigenic peptides derived firom differ- 
ent highly homologous proteins, in protocols of vaccination, may 
represent a usefiil tool to avoid the generation of antigen loss variants. 
Moreover, this study presents, for the first time, evidence for the 
existence of human CTL recognizing peptides derived from MAGE-2 
and -6 proteins, which now can be included in the list of possible 
antigens for targeted immtmotherapy of neoplastic disorders. 

MATERIALS AND METHODS 

Cell Lines. The melanoma cell line MSR3-meI was established in our 
laboratory from a metastatic lesion of patient MSR3 and cultured in IMDM 
supplemented with 10% FCS. PBLs of this patient were serologically typed as: 
HLA-Al, All, B37, 05, Cw6. The melanoma line MZ2-MEL.2.2 ET.l 
(HLA-Al, B*3701, Cw6), hereafter referred to as ETl, and the Cos-7 cell line 
were kindly provided by Prof. T. Boon (Ludwig Institute for Cancer Research, 
Brussels, Belgium) and maintained in DMEM supplemented with 10% FCS. 
Me 14932 (HLA-A2/A3, B7/Bw50, Cw6/Cw7) was a kind gift of Dr. G. 
Parmiani (Istituto dei Tumori, Milano, Italy). The B-Iymphoblastoid cell line 
LG2-EBV was kindly provided by Prof T. Boon, whereas the MSR3-EBV was 
derived by transformation of peripheral blood B lymphocytes from patient 
MSR3 with the B95-8 strain of EBV. 

Synthetic Peptides. Synthetic peptides were purchased from Primm (Mi- 
lano, Italy). Peptides were: MAGE,27_i36 (REPVTKAEML), encoded by 
codons 127-136 of MAGE- 1, -2, -5, and -6 genes; and M4i27-i36 (KELVT- 
KAEML) and M12,27_i3e (REPFTKAEML), corresponding to amino acids 
127-136 encoded by genes MAGE-4 and -12, respectively. Peptides were 
dissolved to 10 mM in DMSO and diluted further in 0.9% NaCl. 

Subcloning of the HLA-B*3701 Allele- Total RNA was prepared from 
MSR3 PBLs by the RNeasy Total RNA Kit (Qiagen, Hilden, Germany). cDNA 
corresponding to 300 ng of total RNA was amplified by PCR using a primer 
pair suitable for specific amplification and directional cloning of the fiill-length 
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coding region of HLA-B alleles (generous gift of Dr. Soo Young Yang, 
Memorial Sloan-Kettering Cancer Center, New York, NY). The 1.1 -kb PCR 
product was subcloned into the eukaryotic expression vector pcDNA3.1 (Tn- 
vitrogen Corp., Oxon, United Kingdom). Plasmid clones encoding HLA- 
B*3701 and -B*5201 1 (the HU-B37 and -B5 alleles of patient MSR3) were 
identified using diagnostic restriction enzymes. The HLA-B* 3701 gene was 
then sequenced to verify the correspondence to the published DNA sequence. 
This plasmid was called pcDNA3.1/B»3701. 

Transfection of Melanoma Ceil Lines. Melanoma cell lines were trans- 
fected by the calcium phosphate precipitation technique with pcDNA3.1/HLA- 
B*3701 and selected in G418. Expression of the transfected HLA-B*3701 
molecule in stable transfectants was verified by flow cytometry with the 
HLA-A-, HLA-B-, and HLA-C-specific mAb W6/32. 

In Vitro Induction of CTL Line 337. CTL line 337 was obtained using a 
protocol previously described by others (25), with slight modifications. 
Briefly, PBLs from patient MSR3 were separated by Ficoll gradient and 
cultivated (1 X 10**-2 X 10^ cells/well) with the autologous, irradiated MSR3- 
B37 melanoma cells (0.5 X 10^-1 X 10^ cells/well) in 2 ml of IMDM 
supplemented with 10% human serum, glutamine, and antibiotics. After 3 days 
of culture, 10 units/ml IL-2 (Chiron, Milan, Italy) and 5 ng/ml IL-7 (Genzyme 
Corp., Cambridge, MA) were added. Lymphocytes were restimulated weekly 
with 0.5 X 10^ irradiated MSR3-B37 cells and tested in a cytotoxicity assay 
after three stimulations. After the fifth restimulation, 2 X 10* irradiated 
LG2-EBV cells were added as feeder cells, and IL-2 was increased to 50 
units/ml. 

Assay for Cytolytic Activity and Peptide Binding Studies. Lytic activity 
of the cytotoxic T-cell lines was tested in a chromium release assay as 
described previously (26). Peptides were tested in chromium release assays: 
^*Cr-labeled target cells were incubated for 1 h at room temperature in 96-well 
microplates with various concentration of the peptide before addition 
of effector cells at a fixed E:T ratio. Binding of peptides M4,27_i36 and 
M12i27„i36 to the HLA-B*3701 molecule was studied in a competition assay, 
as described previously (27). As standard peptide, we used peptide MAGEij,. 
136 (300 nM), recognized by CTL 337. CTLs were used at an E:T ratio of 30: 1 . 

Production of Subfragments of MAGE-l. Subfi^gments of MAGE- J 
gene (495- and 1072 -bp fragments) were obtained by digestion of MAGE- 1 
cDNA with 5g/n and £coRI. After purification on agarose gel, the Augments 
were cloned into the pcDNA3.1 plasmid. Clones were isolated, plasmid DNA 
was extracted and transfected into Cos-7 cells along with the HLA-B*3701 
gene. 

Transfection of Cos-7 Cells and IFN-y Release Assay. Transfection of 
Cos-7 cells was performed by the DEAE-dextran-chloroquine method (12). 
Briefly, 1.5 X 10^ Cos-7 cells were transfected with 100 ng of plasmid 
pcDNA3.1/B*3701 and 100 ng of expression vectors containing the cDNA of 
one of the following genes: MAGE- 1, -2, -5, -4, -6, and -12. Transfected Cos-7 
cells were tested in a IFN-7 assay after 48 h: 5000 responder CTLs, at day 5 
after stimulation, were added in 150 yu\ of IMDM- 10% human serum supple- 
mented with 25 units/ml IL-2. After 24 h at 37°C, 100 ^1 of supernatant were 
harvested, and the IFN-7 concentration was measured using a IFN-y release kit 
(Genzyme Corp.) according to the manufacturer's recommendations. 

Retroviral Vector-mediated Gene Transfer of HLA-B*3701 into 
Mel 4932. The retroviral vector B37-CSM, coding for the HLA-B*3701 mol- 
ecule of patient MSR3, was constructed as described previously (28). Briefly, 
the fiill-length cDNAs coding for the HLA-B* 3701 molecule was cloned under 
die control of the viral long terminal repeat, whereas the truncated form of the 
human LNGFR (ALNGFR) was driven by the SV40 promoter. The ecotropic 
murine fibroblast cell line GP+E86 was transiently transfected with 30 /ig of 
retroviral construct by standard calcium-phosphate method. Infection of the 
amphotropic murine packaging cell line GP+env Am 12, by supernatant of 
48 h cultures of transfected GP4-E86 cells, was performed for 4 h in the 
presence of 8 mg/ml polybrene. Infected packaging cells were immunoselected 
for ALNGFR expression by magnetic beads (Dynabeads M-450; Dynal A.S., 
Oslo, Norway) coated with the LNGFR-specific mAb 20.4 (American Type 
Culture Collection, Rockville, MD). Transduction of Me 14932 was performed 
by cultivation with retrovirus-containing supernatant in the presence of poly- 
brene (8 mg/ml). Five or six rounds of infection of at least 4 h were performed. 
Efficiency of infection was evaluated by immunofluorescence analysis with 
the LNGFR-specific mAb 20.4 and with a HLA-Bw4-specific mAb. 



RT-PCR Assays. MAGE-1. -2. -3, -4, -6, and -12 and p2-m cDNAs were 
detected by PCR amplification. Reaction mixture contained 5 p,l of cDNA 
suspension, 4 juil of a 10 mM dNTPs mixture (containing each dNTP at 2.5 
mM), 5 fil of lOX DNA polymerase buffer (Finnzymes Oy, Espoo, Finland), 
2 units of DynaZyme DNA polymerase (Finnzymes Oy), and sterile distilled 
water up to a 50-/1-1 total reaction volume. For oHgonucleotide primer se- 
quences and PCR amplification programs,' see Weynants et ai (Ref. 20; 
MAGE-1, -2, and -3) and De Plaen et al (Ref. 29; MAGE-4, -6, and -12). 
)3-2m cDNA was amplified using the sense primer /3 5' (5'-AAC CAC GTG 
ACT TTG TCA CAG C-3') and antisense primer ^ 5' (5'-CTG CTC AGA 
TAC ATC AAA CAT G-3')- PCR amplification was performed for 30 cycles 
(1 min at 94°C, 30 s at 56°C, and 2 min at 72°C); the expected length of ^-2m 
amplification product was 230 bp. RNA integrity was tested by PCR with 
|3-actin-specific oligonucleotide primers (30). Samples scored positive when a 
band of the appropriate size was visible on a agarose gel in the presence of 
ethidium bromide. 



RESULTS 

MSR3-B37 Induces an Antigen-specific Immune Response. The 

melanoma line MSR3 was established fix)m a cutaneous metastasis 
resected firom patient MSR3. Expression of HLA class I alleles by the 
tumor cells was barely detectable (Fig. 1) and appeared to be inade- 
quate to allow antigen presentation to inmiune effectors. Indeed, the 
MSR3 melanoma line failed to induce a cytotoxic response fi-om 
autologous PBLs (data not shown). The lack of class I cell surface 
expression by MSR3-mel was not caused by impaired p-2m synthesis 
because a )3-2m-specific mRNA was detected by RT-PCR analysis 
(data not shown). 

To determine whether HLA class I antigen expression could be 
restored, MSR3-mel cells were stably transfected with cDNA encod- 
ing the autologous HLA-B*3701 molecule. After G418 selection flow 
cytometric analysis showed staining of the transfected MSR3-B37 cell 
line by the W6/32 mAb (Fig. 1). 

To evaluate the presence on the surface of MSR3-B37 line of 
tumor-specific antigens, the melanoma cells were tested for their 
ability to induce tumor-specific cytotoxic effectors and for their 
susceptibility to lysis by these CTLs. Patient's PBLs were in vitro 
stimulated by MSR3-B37 as described in "Materials and Methods." 
After three rounds of stimulation, die polyclonal cytotoxic T cell line 
337 (CTL 337) specifically lysed the MSR3-B37 cell line but not the 
untransfected MSR3-mel (Fig. 2). Autologous MSR3-EBV cells and 
PHA-activated T blasts were not recognized (data not shown), sug- 
gesting that the epitopes recognized by these CTLs are melanoma-/ 
melanocyte-specific. Indeed, in addition to the autologous melanoma 
cells, CTL 337 also lysed the HLA-B*3701-positive melanoma line 
ETl (Fig. 2), suggesting that one or more shared melanoma antigens 
are recognized. 

These data indicate that HLA class I expression can be restored by 
transfection of MSR3 melanoma cells and that the melanoma line 
transfected with the HLA-B*3701 molecule is able to induce a tumor- 
specific cytotoxic T-cell response. 

Identtncation of the Antigenic Epitope Recognized by CTL 337. 
To identify the antigen recognized by CTL 337, we evaluated the 
IFN-7 release of CTL 337 in the presence of Cos-7 cells transfected 
with plasmid pcDN A3. 1^*3701, along with cDNA encoding six 
members of the MAGE family (i.e„ MAGE-1, -2, -3, -4, -6, and -12), 
some of which are expressed by both MSR3-mel and ETl. CTL 337 
specifically recognized Cos-7 cells transfected with MAGE-1, -2, -3, 
and -6 (Fig. 3), suggesting that the epitope target of CTL 337 was 
shared among the four different antigens or that distinct components 
of the oligoclonal T-cell line were recognizing peptides derived firom 
the four MAGE gene products. A low level of IFN-7 was detected in 
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Fig. !, Expression of HLA-class I molecules by MSR3-mel and MSR3-B37. Tumor 
cells were incubated with mAb W6/32 (anti-HLA-class I) or with an isotype control, 
washed, and labeled with goat antimouse immunoglobulin antibodies coupled to fluores- 
cein. The analysis was performed before and after HLA-B*3701 transfcction of MSR3- 
mel. 
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Fig. 2. Recognition of a shared HLA-B*3701 -restricted antigen by CTL 337. The 
cytotoxic activity of CTL 337 cells was assessed against the autologous melanomas 
MSR3-mel and MSR3-B37 and against the allogenic melanoma ETl at various E:T ratios. 



the presence of MAGE-4- and A^^G£-/2-transfected Cos-7 cells 
(Fig. 3). 

To identify the sequence coding for the antigenic peptide(s) recog- 
nized by CTL 337, we digested cDNA encoding MAGE-I with Bglil 
and EcoRl obtaining two subfragments of -^495 and 1072 bp (Fig. 4). 
They were cloned into plasmid pcDNA 3. 1 and transfected into Cos-7 
cells along with HLA-B*3701 molecule.. The presence of an in-frame 
start codon at 202 and 707 bp in the 495- and 1072-bp fragments, 
respectively, assured the expression of the two subfragments in the 
transfected cells. The level of IFN-y released by CTL 337 cells in the 
presence of Cos-7 cells transfected with the 495-bp fragment was 
comparable to that conferred by the entire MAGE-1 gene (Fig. 4), 
indicating that the antigenic peptide was encoded within this region. 
The amino acid sequence encoded by the 495-bp fragment (Fig. 5) 
was screened for peptides carrying the binding motif for HLA- 
B*3701 (31). Five peptides carrying aspartate orglutamate in position 
2 and isoleucine or leucine in position 9/10 were identified (Fig. 5). 
One of these peptides, REPVTKAEML, was present also in the amino 
acid sequences encoded by MAGE-2, MAGE-3, and MAGE~6. This 



peptide, denominated MAGE. 127-136, was used to sensitize the 
MSR3-EBV line to lysis by CTL 337 cells in a titration assay (Fig. 
6.4). The half-maximal lysis was reached with 90 nM peptide. No lysis 
of MSR3-EBV pulsed with an unrelated peptide that was able to bind 
to HLA-B*3701 was observed (Fig. 6B and data not shown). 

Low levels of IFN-y were released by the CTL 337 cells in the 
presence of Cos-7 cells expressing MAGE'4 and -12 (Fig. 3). To 
verify whether this release could be ascribed to recognition of pep- 
tides encoded by codons 127-136 within MAGE-4 and MAGE-I 2, a 
peptide-binding study was performed, using MSR3-EBV cells pulsed 
with the two peptides as targets. Peptide M4i 27,136, KELVTKAEML, 
differs by two amino acids (lysine versus arginine in position 1 and 
leucine versus proline in position 3) from peptide REPVTKAEML, 
whereas peptide Ml 2, 27-1365 REPFTKAEML, differs by only one 
amino acid (phenyalanine versus valine in position 4). The results 
revealed that the two peptides can bind to KLA-B*3701 because 
increasing amounts of both were able to inhibit the lysis of MSR3- 
EBV pulsed with peptide REPVTKAEML but not with an unrelated 
HLA-Al -binding peptide (i.e., M3.271-279; Fig. 6B). However, 
no recognition of EBV cells pulsed with peptides M4i27„i36 and 
M12i27_i36 was observed (data not shown). 

Taken together, these data indicate that CTL 337 cells are able to 
recognize a peptide endogenously processed from MAGE-1, -2, -5, 
and -6 products. The two peptides, encoded by the same region of 
MAGE-4 and -12, respectively, are able to bind to HLA-B*3701, but 
they are not recognized by CTL 337 cells. 

CTL 337 Cells Specifically Recognize MAGE'2 and -6 Gene 
Products. Until now, there was no evidence of the immunogenicity 
of MAGE-2- and MAGE-6-encoded proteins in humans. Indeed, pep- 
tides encoded by MAGE- J, -3, -4, and -12 have been found to bind to 
various class I molecules to form antigens recognized by different 
CTLs, whereas no peptides encoded by the genes MAGE-2 or 
MAGE-6 have thus far been identified 

To demonstrate that peptide REPVTKAEML could also be pro- 
cessed from MAGE-2 and -6 and presented to CTL 337 cells, we 
attempted to look for melanoma cell lines expressing MAGE-2 . or -6 
but none of the other MAGE genes. Unfortunately, expression of the 
MAGE genes in melanomas is strictly correlated: most of the mela- 
nomas that express one member of the MAGE gene family also 
express the others. Indeed, we were unable to find a melanoma line 
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Fig. 3. Identification of the tumor-antigens recognized by CTL 337. Cos-7 cells were 
cotransfcctcd with HLA-B* 3 70 1 , alone or together with cDNAs encoding genes MAGE-1, 
-2, -i, -6, and -12. After 48 h, CTL 337 cells were added, and the IFN-7 released was 
measured 24 h later, as described in "Materials and Methods." MSR3-B37 was included 
as positive control. 
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Fig.. 4. Identification of the sequence coding for the antigenic peptide recognized by CTL 337. Cos-7 cells were cotransfected with two subfragments of MAGE- J cDNA together 
with HLA-B*3701. After 48 h, CTL 337 cells were added, and production of IFN-7 was measured 24 h later, as described in "Materials and Methods." As control, Cos-7 cells were 
transfected with HLA-B*3701, alone or together with the full-length MAGE-l cDNA. 



that selectively expresses MAGE'2, but we succeeded in finding a 
single melanoma line, Mel 4932, that selectively expresses MAGES 
at low level (data not shown). 

To verify whether peptide REPVTKAEML is endogenously pro- 
cessed from MAGE'6 products and presented by HLA-B*3701, 
Mel 4932 was transduced by a retroviral vector encoding the HLA- 
B*3701 molecule. As indicated by immunofluorescence staining with 
a HLA-Bw4-specific mAb, cell surface expression of HLA-B*3701 
on a pure population of transduced Me 1493 2 cells was at least 2-fold 
lower than that of MSR3-B37 melanoma cells (data not shown). CTL 
337 cells were able to recognize the Mel4932-LB37 line in a cyto- 
toxicity assay, and the level of lysis was increased by the exogenous 
addition of peptide REPVTKAEML, whereas there was no recogni- 
tion of the pulsed and unpulsed Me 14932 lines (Fig. 7). The low 
levels of lysis of the melanoma Mel4932-LB37 might be explained 



either by weak expression of gene MAGE-6 and by the weak surface 
expression of HLA-B*3701 molecules. 

To evaluate whether the inclusion of MAGE-2 and -6 in the list of 
possible target antigens for specific inununotherapy could increase the 
proportion of eligible patients, we analyzed the expression of 
MAGE-l, -2, -5, and -6 in fresh tumor samples of various histotypes. 
Melanomas were not analyzed because expression of the different 
MAGE genes was clearly correlated (32). The results indicate that 
12% of the ovarian carcinomas and 5% of colon and breast carcino- 
mas express MAGE-2 and/or -6 in the absence of MAGE-l and -3 
(Table 1). On the other hand, in all bladder and lung carcinomas 
studied the four genes were always coexpressed. 

In conclusion, the data reported in this study indicate that MAGE'2 
and -6 can be included in the list of possible target antigens for 
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Top sequence of the 495-bp subfragment of MAGE- 1 cDNA. Peptides carrying the binding motifs for HLA-B*3701 are listed above their respective nucleotide 
s. Bottom, comparison of peptide REPVTKAEML {underlined), encoded by MAGE-l, with the peptides encoded by the homologous regions of other genes of the 
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Fig, 6. A, recognition of the peptide MAGE|27_i36 by CTL 337 cells. MSR3-EBV cells were incubated with 3-fold dilutions of peptide MAGE127-136. startmg from 10 niM and used 
as target cells in a standard cytotoxicity assay. The E:T ratio was fixed at 10:1. B, binding of peptides M4,27_i36 and M12i27_,36 to HLA-B*3701, evaluated in a competition assay. 
Competitor peptides included the M4,27_,36 peptide KELVTKAEML and the M12i27-i36 peptide REPFTKAEML. The ND.Al (i.c., M327,_279) peptide, which was unable to bind to 
the HLA-B*3701 molecule, was used as negative control. Percentage lysis without competitor peptides was 52%. 



tumor-specific immunotherapy, increasing the number of patients that 
coxHd benefit from this therapy. 

DISCUSSION 

In the last few years, there has been a considerable effort to 
characterize antigenic peptides encoded by tumor-associated antigens 
and the HLA molecules responsible for their presentation (6). Several 
immunotherapy clinical trials of cancer vaccinations based on the use 
of these peptides are in progress, with quite positive preliminary 
results. Indeed, some objective cancer responses have been observed, 
consisting of both tumor regression (3, 5) and a few long-term 
complete responses (4). 

One major limitation outlined by those studies is the develop- 
ment, in a significant proportion of the treated patients, of tumor 
variants that fail to express the antigen recognized by tumor- 
reactive lymphocytes (24). Those variants can be generated either 
by loss of the nominal antigen (referred to as antigen loss variants; 
Refs. 33 and 34) or by molecular defects affecting different steps 
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Table 1 Expression of MAGE genes by fresh tumor samples'" 
% RT-PCR-positive tumors 




Fig. 7. Recognition of a MAGE'6-positivc melanoma cell line by CTL 337. The 
HLA-B*3701-negative line Mel4932 and the HLA-B* 3701 -positive line Mel4932-LB37 
were pulsed or not with 1 6 ;im peptide MAGE127-136 and used as target cells in a standard 
cytotoxicity assay at the indicated E:T ratios. 



Histological type MAGE-J MAGE-3 MAGE-2 MAGE-6 



MAGE-2 or 
MAGE-6 only 



Lung carcinoma (28)^ 


35 


39 


32 


29 


0 


Breast carcinoma (20) 


30 


10 


10 


15 


5 


Ovary carcinoma (25) 


24 


20 


32 


20 


12 


Bladder carcinoma (25) 


28 


28 


20 


24 


0 


Colon carcinoma (17) 


0 


5 


5 


5 


5 



" As detemiined by reverse transcriptase-PCR (RT-PCR) analysis. 

^ Numbers in parentheses represent numbers of fresh tumor samples analyzed. 



of the antigen presentation pathway (referred to as presentation 
loss variants; Refs. 35-37). An active intervention of the immune 
system in the selection of antigen loss and presentation loss vari- 
ants have been observed in both treated (24) and xmtreated patients 
(33, 38). However, escape from classical tumor-specific CTLs may 
be counteracted in vivo by the intervention of different immune 
effectors. Indeed, tumor cells that have lost expression of some but 
not all HLA class I molecules can be recognized by a new category 
of antitumor lymphocytes expressing killer-cell inhibitory recep- 
tors (39), whereas HLA-negative tumor cells can be targeted by 
NK cells. 

The melanoma cell line used in this study belongs to the pres- 
entation loss variant class of HLA-negative tumor cells. The mo- 
lecular defect responsible for the HLA class I phenotypes of 
MSR3-mel has not yet been identified; however, our melanoma 
line exhibits barely detectable levels of HLA class I expression by 
immunofluorescence analysis, which are not sufficient for stimu- 
lation of a tumor-specific T-cell response (data not shown). This 
altered phenotype does not seem to be due to p-2m or TAP 
alterations or to deletions of MHC genes but rather to a defect in 
the transcriptional machinery. Indeed, HLA class I expression in 
MSR3-mel can be restored by transfection of cDNAs encoding 
autologous HLA class I alleles. 

The HLA-B*3701-transfected cell line (i.e., MSR3-B37) allowed 
the isolation of HLA-B *3 701 -restricted and tumor-specific CJTLs that 
recognized a nonapeptide encoded by the same region {i.e., residues 
127-136) of MAGE-1, -2, -3, and -6 proteins. 
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To our knowledge, this is the first B*3701 -restricted tumor-specific 
epitope that has been identified thus far. Note that the HLA-B*3701 
molecule is present on both lymphocytes and tumor cells of patient 
MZ2 (7), from which a large variety of MAGE-spoci^c CTL clones 
restricted by different HLA class I molecules were isolated (8-9, 
40-42). Those results suggest a subdominant role of HLA-B*3701 in 
tumor antigen presentation in the MZ2 model that should be overcome 
in the MSR3 system by the absence on the stimulating cells of a HLA 
class I molecule other than HLA-B*3701, Indeed, dominance of a 
given HLA molecule in the tumor-specific stimulation of autologous 
CTL by melanoma cells has been described in several model systems 
(39, 43, 44). 

Several members of the MAGE gene family are specifically 
expressed by tumors of various histological types and T-cell de- 
fined epitopes encoded by MAGE- 1 and -3 have been identified. 
However, although MAGE-2 and -6 are expressed in a large per- 
centage of tumor samples, thus far no MAGE-2' and MAGE-S- 
specific CTLs have been isolated. The only suggestion that 
MAGE-2 behaves like a tumor-antigen comes from the study of 
Visseren et al (45), who demonstrated the immunogenicity of 
MAGE-2 in a HLA-A*0201Kb transgenic mouse model. Therefore, 
our smdy reports the first evidence for an immunogenic potential 

MAGE-2 and -6 in humans. Indeed, CTL 337 cells were able to 
recognize Cos-7 cells transfected with HLA-B*3701 and MAGE-2 
or -6 genes. Moreover, a stable HLA-B* 3701 -positive melanoma 
line expressing MAGES was recognized, whereas analogous ex- 
periments on MAGE-2 and HLA-B* 3 701 -positive melanoma lines 
could not be performed. It has been suggested that the proteasome 
specifically digests proteins into polypeptides with defined hydro- 
phobic, basic, or acidic COOH termini, whereas the NH2-terminal 
cleavage into smaller fragments occurs nonspecifically 8-10 
amino acids further upstream. In view of the presence of hydro- 
phobic residues (M and L) at the COOH-terminus of peptide 
REPVTKAEML, as well as the high degree of the amino acid 
sequence homology between MAGE-2 and MAGES in the region 
around peptide REPVTKAEML, it is tempting to speculate that 
this peptide might indeed be processed in melanoma cells also 
from MAGE-2 products. (46, 47). 

The molecular analysis performed on tumor samples of various 
histotypes revealed a strong correlation between the expression of 
different MAGE genes. However, inclusion of MAGE-2 and 
MAGE-6 in the list of target antigens for cancer immunotherapy 
has practical implications for the enrollment of patients with 
ovarian carcinomas. Indeed, 12% of the ovarian carcinoma samples 
analyzed express MAGE-2 and/or -6, without expressing MAGE- 1 
and/or -3 genes. On the other side, coexpression of more than one 
MAGE gene by a given tumor might prevent the development of 
antigen loss variants during vaccination treatment. Indeed, immune 
escape from a peptide-induced antitumor response might then be 
rare, because it would require the occurrence of several independ- 
ent molecular alterations. 

In conclusion, the identification of this new HLA-B* 3 701 -re- 
stricted epitope not only increases the number of patients eligible for 
inununization but also may prove highly efficient for immunotherapy 
because of reduced risk of tumor escape due to the emergence of 
antigen loss variants. 
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Abstract We reported ' previously that human gene 
MAGE- 1 directs the expression of a tumor antigen recog- 
nized on a melanoma by autologous cytolytic T lympho- 
cytes. Probing cosmid libraries with a MAGE-} sequence, 
we identified 11 closely related genes. The analysis of 
hamster-human somatic cell hybrids indicated that the 12 
MAGE genes are located in the q terminal region of 
chromosome X.jshikmM40£^J^themMmddhiQm\mMAG^^^ 

^genes have their entire coding sequence located in tKe^ 

fexbnf^mefi^sKows^^^ 

^ir The coding sequences of the MAGE genes predict the 
same main structural features for all MAGE proteins. In 
contrast, the promoters and first exons of the 12 MAGE 
genes show considerable variability, suggesting that the 
existence of this gene family enables the same function to 
be expressed under different transcriptional controls. The 
expression of each MAGE gene was evaluated by reverse 
transcription and polymerase chain reaction amplification. 



Six genes of the MAGE family including MAGE-I were 
found to be expressed at a high level in a number of tumors 
of various histological types. None was expi^sed in a large 
panel of healthy tissues, with the exception of testis and 
placenta. 
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Introductloii 

^S^^Miflglfeteodilymphpc^ 
^preseneerofftheir^umor^GellsMt^isfO^^ 
^cytolytic*Iymphocytes?(GTE)^th"at^how^^^^ 
^tumor:«eells!^CMukheiji^and^acAliste^^^^^^^^ 
«?1^84;^Anifehini^^et^^ateL98^^^ ^^^pnp^^s^f^om- 
4n:mlanQn:ms^atienteN^is^^ 
thatxly^e^iSi^cifiGallyatheaauto 

MEfeOHerin^tiatel^:^^^ese CTL clones were used to 
select resistant MZ2-MEL antigen-loss variants, and this 
led to the conclusion that autologous CTL recognize several 
distinct antigens on the MZ2-MEL cells (Van den Eynde 
et al. 1989). One of these antigens was named MZ2-E. 

Gene MAGE-I, which codes for antigen MZ2-E, was 
identified by a procedure based on gene transfection (van 
der Bruggen et al. 1991; Traversari et al. 1992b). It 
comprises three exons spread over 4.5 kilobases (kb) and 
shows no homology to any recorded gene. A nonapeptide 
encoded by MAGE-I combines with major histocompat- 
ibility molecule HLA-Al to form antigen MZ2-E (Traver- 
sari et al. 1992a). Gene MAGE-I is expressed in tumors of 
various histological types, such as melanomas, lung, and 
breast carcinomas (van der Bruggen et al. 1991; Brasseur 
et al. 1992; Weynants et al. 1994). At first, no expression 
was found on a panel of healthy tissues (van der Bruggen 
et ai. 1991), but more recendy testis has been found to 
express MAGE-I (De Smet et al. 1994). 

When a MAGE-I fragment was used as a probe on 
Southern blots prepared with human genomic DNA, it 
formed several hybridization bands of different intensities. 
This was the first indication that gene MAGE-I was a 
member of a gene family. The screening of a cDNA librar> 
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of MZ2-MEL confirmed this: in addition to the cDNA of 
MAGE-1, two closely related cDNAs were isolated. The 
corresponding genes were named MAGE-2 and MAGES 
(van der Bruggen et al. 1991). By testing cosmid libraries 
with a MAGE- 1 probe, we identified nine additional genes 
belonging to the MAGE family. We describe here the 
structure, the chromosomal localization, and the pattern 
of expression of the 12 MAGE genes. 



Materials and methods 

Polymerase chain reaction (PCR) assays 

RNA purification and cDNA synthesis were performed as described 
(Weynants et al. 1994). For amplification, 1/20 of the cDNA produced 
from 2 fig of total RNA was supplemented with 5 fU of PCR buffer 
(500 mM KCl, 100 mM Tris pH 8,3), I ^l each of 10 mM dNTP, 
25 pmoles of each primer, 3 fll of 25 mM MgCh, 1.25 units of Taq 
polymerase (Perkin-Elmer Cetus, Norwalk, CT), and water to a final 
volume of 50 Primers and PCR conditions to amplify MAGE-1 and 
•2 are already described (Brasseur et al. 1992; De Smet et al. 1994). 

The primers and lengths of PCR products for MAGE-3 to -12 were 
as follows: (sense, anti-sense) 
MAGE-3: 5'-TGGAGGACCAGAGGCCCCC, 
5'-GGACGATTATCAGGAGGCCTGC (725 bp) 
MAGE-4: 5'-GAGCAGACAGGCCAACCG, 
5'-AAGGACTCTGCGTCAGGC (446 bp) 
Af/lCE-5; 5'-CTAGAGGAGCACCAAAGGAGAAG, 
5'-TGCTCGGAACACAGACTCrrGG (413 bp) 
MAGE-6: 5'-TGGAGGACCAGAGGCCCCC, 
5'-CAGGATGATTATCAGGAAGCCrGT (727 bp) 
MAGE-7: 5'-CAGAGGAGCACCGAAGGAGAA, 
5'-CAGGTGAGCGGGGTGTGTC (405 bp) 
MAGE-8: 5'-CCCCAGAGAAGCACTGAAGAAG, 
5'.GGTGAGCTGGGTCCGGG (399 bp) 
MAGE'9: 5'-CCCCAGAGCAGCACTGACG, 
5'-CAGCTGAGCTGGGTCGACC (391 bp) 
MAGE-IO: 5'-CACAGAGCAGCACTGAAGGAG, 
5'-CTGGGTAAAGACTCACTGTCTGG (485 bp) 
MAGE' 11: 5'-GAGAACCCAGAGGATCACTGGA, 
5'GGGAAAAGGACTCAGGGTCTATC (422 bp) 
MACE-12: 5'-GGTGGAAGTGGTCCGCATCG. 
5'-GCCCTCCACTGATCTTTAGCAA (392 bp) 



4.5 kb 



Fig, 1 Structure of 12 MAGE genes. The lines show the parts of the 
genes that have been sequenced. The sequence obtained for each gene 
was aligned to the sequence of MAGE- 1. The 5' end of the incomplete 
first introns corresponded to the end of the cosmid insert {MAGE-9) or 
to sequence that showed no homology with MAGE- 1 (MAGE-?, 8, 10, 
II). Deletions are shown as dashed lines, insertions as lines below the 
main line. Exons are indicated as open boxes, with the large open 
reading frame as a grey box. In the last exon of MAGE- J, the region 
encoding the peptide of antigen MZ2-E is marked in black. Arrows 
represent the primers used to amplify specifically each MAGE cDNA 



Amplification was performed in a TRIO-Thermoblock (Biometra, 
Gottingen, FRG) for 30 cycles {MAGES, 4, 6, 12) or 32 cycles 
{MAGES, -7 to -IJ): 1 min at 94° C; 2 min at 65** C {MAGE-5, -7 
to -12), 68° C {MAGE-4) or 7P C {MAGE-3 and 6); 2 min {MAGE-4), 
or 3 min at 72° C {MAGE-3, -5 to -12), 



Analysis of somatic cell hybrids 

The human-hamster hybrids designated with GM were obtained from 
the Human Genetic Mutant Cell Repository (Camden, NJ), PgMe4 and 
those with A3 were from P. Pearson (John Hopkins University). The 
human chromosome content of each somatic cell hybrid was estab- 
lished cytogenetically and by using mapped DNA probes at the time of 
DNA isolation. 

Southern blots of genomic DNA were prepared by previously 
described methods (James et al. 1988). Hybridization with the labeled 
2.4 kb MAGE- 1 genomic fragment was performed at 42° C for at least 
16 h in 50% formamide, 5% dextran sulfate, 6x standard sodium 
citrate (SSC), \% sodium dodecyl sulfate (SDS) and 0.1 mg/ml 
heterologous DNA. Filters were washed consecutively in 2x SSC, 
0.1% SDS at room temperature for 15 minutes and twice in 0.1 xSSC, 
0. 1 % SDS at 67° C for 30 min each. Autoradiography was performed 
at -70° C for 7- 10 days, using Fuji XR film. 



Homology search 

Sequence alignments of DNA or protein sequences with MAGE-l were 
performed with the Gene Works computer program (Inielligenetics, 
Mountain View, CA), For DNA, we used parameters 30, 2, 10, and 
4000 and for proteins, parameters 5, 25, 4, and 10. The computer 
search for sequence homology in Genbank was done with the Databank 
Search 1.1 and the BLAST programs, using the NCBI server. 
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( . ^- ^ ^ ■ al.: Twelve genes of the MAGE family 

' ^^B" SLEORS LHCKPEE A fl^E AQQE ALGLVC 

MAGE-1 TfflSCTGApCA&ACSWCATOTCTCTTGAGCA-GAGGAGT CTGCACTGCAAGCCTGAGGA AGcWRgAGGCCCAACAAG AGGCCCTGGGCCTGGTGTGT V 
^^^■2 MPLEQ .J*S OHCKPEE GLEARGE ALGLVG 27^ 

MAGE-a TGCCCTGACCAGAGTCATCATGCCTCTTGAGCAGAGGAGT CAGCACTGCAAGCCTGAAGA AGGCCTTGAGGCCCGAGGAG AGGCCCTGGGCCTGGTGGGT 
**AGE-3 M P L E Q R S 0 H-..C--K PEE GLEARGE ALG LVG 27 

MAGE -3 TGCCCTGACCAGAGTCATCATGCCTCTTGAGCAGAGGAGT CAGCACTGCAAGCCTGAAGA AGGCCTTGAGGCCCGAGGAG AGGCCCTGGGCCTGGTGGGT l4fi 
**AGE-4a MSSEOKS QHCKPEE GVEAQEE ALGLVG 

MAGE-4a TGeeCTGACCAGAGTCATCATGTCTTCTGAGCAGAAGAGT CAGCACTGCAAGCCTGAGGA AGGCGTTGAGGCCCAAGAAG AGGCCCTGGGCCTGGTGGGT 146 
*^<^^'^ MPLEO RS QHCKPEE GLEARGE ALGLVG 27 

MAGE-6 TGCCCTGACCAGAGTCATCATGCCTCTTGAGCAGAGGAGT CAGCACTGCAAGCCTGAAGA AGGCCTTGAGGCCCGAGGAG AGGCCCTGGGCCTGGTGGGT 146 
"^^^"^^ MPLEORS QHCKPEE GLEAQGE ALGLVG 27 

MAqp-12-TGCCCTGACCAGAGTCATCATGCCACTTGAGCAGAGGAGT CAGCACTGCAAGCCTGAGGA AGGCCTTGAGGCCCAAGGAG AGGCCCTGGGCTTGGTGGGT 156 

MAGE-1 VQA ATSSSS PLVLGTLEEVPTAGSTD53 

MAGE-1 GTGCAGGCT - GCCACCTCCT CCTCCTCT- - -CCTCTGGTC CTGGGCACCCTGGAGGAGGT GCCCACTGCTGGGTCAACAG 222 

MAGE-2 AQAPA TE EQQTASS S S TLV EVTLGEV PAADSPS60 

MAGE-2 GCGCAGGCTCCTGCTACTGA GGAGCAGCAGACCGCTTCTT CCTCTTCT- - -ACTCTAGTG GAAGTTACCCTGGGGGAGGT GCCTGCTGCCGACTCACCGA 243 
MAGE-3 AQAPATE EQEAASS SS TLV EVTLGEV PAAESPD60 

MAGE- 3 GCGCAGGCTCCTGCTACTGA GGAGCAGGAGGGTGGCTCCT CCTCTTCT --- ACTCTAGTT GAAGTCACCCTGGGGGAGGT GCCTGCTGCCGAGTCACCAG 243 
MAGE-4a AOAPTTE EQEAAVS S SSPLV PGTLEEV PAAESAG6I 
MAGE- 4a GCACAGGCTCCTACTACTGA GGAGCAGGAGGCTGCTGTCT CCTCCTCCTCTCCTCTGGTC CCTGGCACCCTGGAGGAAGT GCCTGCTGCTGAGTCAGCAG 246 
MAGE-6 AQA PATE EQEAA SS SS TLV EVTLGEV PAAESPD60 

MAGE-6 GCGCAGGCTCCTGCTACTGA GGAGCAGGAGGCTGCCTCCT CCTCTTCT- - -ACTCTAGTT GAAGTCACCCTGGGGGAGGT GCCTGCTGCCGAGTCACCAG 243 
MAGE-12 AQAPATE EQETASS SS TLV EVTLREV PAAESPS60 

MAGE- 12 GCGCAGGCTCCTGCTACTGA GGAGCAGGAGACTGCCTCCT CCTCCTCT- - -ACTCTAGTG GAAGTCACCCTGGGGGAGGT GCCTGCTGCCGAGTCACCAA 253 

MAGE-1 PP QSPQ GASAFPT TINFTRQ RQPS EG SSSREEESe 
MAGE-1 ATCCTCCCCAGAGTCCTCAG GGAGCCTCCGCCTTTCCCAC TACCATCAACTTCACTCGAC AGAGGCAACCCAGTGAGGGT TCCAGCAGCCGTGAAGAGGA 322 
MAGE-2 PP HSPQ G ASSFST TINYTLW RQSDEG SSNOEEE93 
MAGE-2 GTCCTCCCCACAGTCCTCAG GGAGCCTCCAGCTTCTCGAC TACCATCAACTACACTCTTT GGAGACAATCCGATGAGGGC TCCAGCAACCAAGAAGAGGA 34 3 
MAGE-3 PPQSPQ GASSLPT THNYPLW SQSYED SSNOEEE93 
MAGE-3 ATCCTCCCCAGAGTCCTCAG GGAGCCTCCAGCCTCCCCAC TACCATGAACTACCCTCTCT GGAGCCAATCCTATGAGGAC TCCAGCAACCAAGAAGAGGA 343 
MAGE-4a PP QSPQ GASALPT TISFTCW RQ PNEG SSSOEEE94 
MAGE- 4a GTCCTCCCCACAGTCCTCAG GGAGCCTCTGCCTTACCCAC TACCATCAGCTTCACTTGCT GGAGGCAACCCAATGAGGGT TCCAGCAGCCAAGAAGAGGA 346 
MAGE-6 PPQSPQ GASSLPT TMNYPLW SQSYED SSMOEEE93 
MAGE-6 ATCCTCCCCAGAGTCCTCAG GGAGCCTCCAGCCTCCCCAC TACCATGAACTACCCTCTCT GGAGCCAATCCTATGAGGAC TCCAGCAACCAAGAAGAGGA 343 
MAGE-12 PPHSPQ GASTL PT TINYTLW SQSDEG SS NEEQE93 
MAGE-12 GTCCTCCCCACAGTCCTCAG GGAGCCTCCACCCTCCCCAC TACCATCAACTATACTCTCT GGAGTCAATCCGATGAGGGC TCCAGCAACGAAGAACAGGA 353 

MAGE-1 GPSTSCI LESLFR AVITKKV ADLVGFL LLKYRA 119 
MAGE-1 GGGGCCAAGCACCTCTTGTA TCCTGGAGTCCTTGTTCCGA GCAGTAATCACTAAGAAGGT GGCTGATTTGGTTGGTTTTC TGCTCCTCAAATATCGAGCC 422 
MAGE-2 GPRMPPD LE SEFQ AAISRKM VELVHFL LLKYRA 126 
MAGE-2 GGGGCCAAGAATGTTTCCCG ACCTGGAGTCCGAGTTCCAA GCAGCAATCAGTAGGAAGAT GGTTGAGTTGGTTCATTTTC TGCTCCTCAAGTATCGAGCC 443 
MAGE-3 GPSTFPD LESEFQ AALSRKV AELVHFL LLKYRA 126 
MAGE-3 GGGGCCAAGCACCTTCCCTG ACCTGGAGTCCGAGTTCCAA GCAGCACTCAGTAGGAAGGT GGCCGAGTTGGTTCATTTTC TGCTCCTCAAGTATCGAGCC 443 
MAGE-4a GPSTSPD AESLFR EALSNKV DELA HFL LRKYRA 12-' 
MAGE-4a GGGGCCAAGCACCTCGCCTG ACGCAGAGTCCTTGTTCCGA GAAGCACTCAGTAACAAGGT GGATGAGTTGGCTCATTTTC TGCTCCGCAAGTATCGAGCC 44- 
MAGE-6 GPSTFPD LESEFQ AALSRKV AKLVHFL LLKYRA 126 
MAGE-6 GGGGCCAAGCACCTTCCCTG ACCTGGAGTCTGAGTTCCAA GCAGCACTCAGTAGGAAGGT GGCCAAGTTGGTTCATTTTC TGCTCCTCAAGTATCGAGCC 443 
MAGE-12 GPSTFPD LETSFQ VALSRKM AELVHFL LLKYRA 126 
MAGE- 12 AGGGCCAAGCACCTTTCCTG ACCTGGAGACGAGCTTCCAA GTAGCACTCAGTAGGAAGAT GGCtGAGTTGGTTCATTTTC TGCTCCTCAAGTATCGAGCC 453 

MAGE-l REPVTKA EMLESVI KNTKHC FPEIFGK ASESLQL153 
MAGE-1 AGGGAGCCAGTCACAAAGGC AGAAATGCTGGAGAGTGTCA TCAAAAATTACAAGCACTGT TTTCCTGAGATCTTCGGCAA AGCCTCTGAGTCCTTGCAGC 522 
MAGE-2 REPVTKA EMLESVL RNCQDF FPVIFSK ASEYLQLUO 
MAGE-2 AGGGAGCCGGTCACAAAGGC AGAAATGCTGGAGAGTGTCC TCAGAAATTGCCAGGACTTC TTTCCCGTGATCTTCAGCAA AGCCTCCGAGTACTTGCAGC 54 3 
MAGE-3 REPVTKA EMLGSVV GNWQYF FPVIFSK ASSS LQL160 
MAGE-3 AGGGAGCCGGTCACAAAGGC AGAAATGCTGGGGAGTGTCG TCGGAAATTGGCAGTATTTC TTTCCTGTGATCTTCAGCAA AGCTTCCAGTTCCTTGCAGC 54 3 
MAGE-4a KELVTKA EMLERVI KNYKRC FPVIPGK ASESLKM161 
MAGE-4a AAGGAGCTGGTCACAAAGGC AGAAATGCTGGAGAGAGTCA TCAAAAATTACAAGCGCTGC TTTCCTGTGATCTTCGGCAA AGCCTCCGAGTCCCTGAAGA 546 
MAGE-6 REPVTKA EM LGSVV GNWQYF FPVIFSK ASDSLQL160 
MAGE-6 AGGGAGCCGGTCACAAAGGC AGAAATGCTGGGGAGTGTCG TCGGAAATTGGCAGTACTTC TTTCCTGTGATCTTCAGCAA AGCTTCCGATTCCTTGCAGC 54 3 
MAGE-12 REPFTKA EMLGSVI RNFQDF FPVIFSK ASEYLQ LUO 
MAGE-12 AGGGAGCCATTCACAAAGGC AGAAATGCTGGGGAGTGTCA TCAGAAATTTCCAGGACTTC TTTCCTGTGATCTTCAGCAA AGCCTCCGAGTACTTGCAGC 553 

MAGE-1 VFGIDV KEADPTG HSYVLVT CLGLSY DG LLGDN1B6 

MAGE-1 TGGTCTTTGGCATTGACGTG AAGGAAGCAGACCCCACCGG CCACTCCTATGTCCTTGTCA CCTGCCTAGGTCTCTCCTAT GATGGCCTGCTGGGTGATAA 622 

MAGE-2 VFGIEV VEVVPIS HLYILVT CLGLSY DGLLGDN193 

MAGE-2 TGGTCTTTGGCATCGAGGTG GTGGAAGTGGTCCCCATCAG CCACTTGTACATCCTTGTCA CCTGCCTGGGCCTCTCCTAC GATGGCCTGCTGGGCGACAA 64 3 

MAGE-3 VFGIEL MEVDPIG HLYIFAT CLGLSY DGLLGDN193 

MAGE-3 TGGTCTTTGGCATCGAGGTG ATGGAAGTGGACCCCATCGG CCACTTGTACATCTTTGCCA CCTGCCTGGGCCTCTCCTAC GATGGCCTGCTGGGTGACAA 643 

MAGE-4a IFGIDV KEVOPA.S NTYTLVT CLGLSY DGLLGNN194 

MAGE-4a TGATCTTTGGCATTGACGTG AAGGAAGTGGACCCCGCCAG CAACACCTACACCCTTGTCA CCTGCCTGGGCCTTTCCTAT GATGGCCTGCTGGGTAATAA 646 

MAGE-6 V FGIEL MEVDPIG HVYIF AT CLGLSY DGLLGDN193 

MAGE-6 TGGTCTTTGGCATCGAGGTG ATGGAAGTGGACCCCATCGG CCACGTGTACATCTTTGCCA CCTGCCTGGGCCTCTCCTAC GATGGCCTGCTGGGTGACAA 64 3 

MAGE-12 VFGIEV VEVVRIG HLYI LVT CLGLSY AGLLGDN193 

MAGE-12 TGGTCTTTGGCATCGAGGTG GTGGAAGTGGTCCGCATCGG CCACTTGTACATCCTTGTCA CCTGCCTGGGCCTCTCCTAC GCTGGCCTGCTGGGCGACAA 653 
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743 


MAGE- 


12 


Q I .V P K T G 


L L I I V L 


A I I A K E G 


D C A P E E K 


I W E E L S 


226 


MAGE- 


12 


TCAGATCGTGCCCAAGACAG 


GCCTCCTGATAATCGTCCTG GCCATAATCGCAAAAGAGGG CGACTGTGCCCCTGAGGAGA AAATCTGGGAGGAGCTGAGT 


753 


MAGE- 


1 


V M E V Y D G 


R E H S A Y G 


E P R K L L 


T 0 D L V Q E 


K Y L E Y R Q 


253 


MAGE- 


1 


GTGATGGAGGTGTATGATGG 


GAGGGAGCACAGTGCCTATG 


GGGAGCCCAGGAAGCTGCTC 


ACCCAAGATTTGGTGCAGGA 


AAAGTACCTGGAGTACCGGC 


B22 


MAGE- 


2 


M L E V F E G 


R E D S V F A 


H P R K L L 


M Q D L V 0 E 


N Y L E Y R 0 


260 


MAGE- 


3 


ATGTTGGAGGTGTTTGAGGG 


GAGGGAGGACAGTGTCTTCG 


CACATCCCAGGAAGCTGCTC 


ATGCAAGATCTGGTGCAGGA 


AAACTACCTGGAGTACCGGC 


843 


MAGE- 


3 


V L E V F E G 


R E D S I L G 


D .P K K L L 


T 0 H F V 0 E 


N Y L E Y R 0 


260 


MAGE- 


3 


GTGTTAGAGGTGTTTGAGGG 


GAGGGAAGACAGTATCTTGG 


GGGATCCCAAGAAGCTGCTC 


ACCCAACATTTCGTGCAGGA 


AAACTACCTGGAGTACCGGC 


843 


MAGE- 


4a 


V M G V Y D G 


R E H T V Y G 


E P R K L L 


T 0 D W V 0 E 


N Y L E Y R 0 


261 


MAGE- 


4a 


GTGATGGGGGTGTATGATGG 


GAGGGAGCACACTGTCTATG 


GGGAGCCCAGGAAACTGCTC 


ACCCAAGATTGGGTGCAGGA 


AAACTACCTGGAGTACCGGC 


846 


MAGE- 


6 


V L E V F E G 


R E D 5 I F G 


D P K K L L. 


T Q Y F V 0 E 


N Y L E Y R 0 


260 


MAGE- 


6 


GTGTTAGAGGTGTTTGAGGG 


GAGGGAAGACAGTATCTTGG 


GGGATCCCAAGAAGCTGCTC 


ACCCAATATTTCGTGCAGGA 


AAACTACCTGGAGTACCGGC 


84 3 


MAGE- 


12 


V L E A S D G 


R E D S V F A 


H P R K L L 


T 0 D L V Q E 


N y L E Y R 0 


260 


MAGE* 


12 


GTGTTGGAGGCATCTGATGG 


GAGGGAGGACAGTGTCTTTG 


CGCATCCCAGGAAGCTGCTC 


ACCCAAGATTTGGTGCAGGA 


AAACTACCTGGAGTACCGGC 


853 


MAGE- 


1 


V P D S D P 


A R Y E F L W 


G P R A L A E 


T S Y V K V 


L E Y V I K V 


386 


MAGE- 


1 


AGGTGCCGGACAGTGATCCC 


GCACGCTATGAGTTCCTGTG 


GGGTCCAAGGGCCCTCGCTG 


AAACCAGCTATGTGAAAGTC 


CTTGAGTATGTGATCAAGGT 


923 


HAGE- 


2 


V P G S D P 


A C I E F L W 


G P R A L I E 


T S Y V K V 


L H H T L K I 


293 


MAGE- 


2 


AGGTGCCCGGCAGTGATCCT 


GCATGCTACGAGTTCCTGTG 


GGGTCCAAGGGCCCTCATTG 


AAACCAGCTATGTGAAAGTC 


CTGCACCATACACTAAAGAT 


943 


MAGE- 


3 


V P G S D P 


A C Y E F L W 


G P R A L V E 


T S Y V K V 


L H H H V K I 


293 


MAGE- 


3 


AGGTCCCCGGCAGTGATCCT 


GCATGTTATGAATTCCTGTG 


GGGTCCAAGGGCCCTCGTTG 


AAACCAGCTATGTGAAAGTC 


CTGCACCATATGGTAAAGAT 


943 


MAGE- 


4a 


V P G S M P 


A R Y E F L H 


G P R A L A E 


T S Y V K V 


L E H V V R V 


394 


MAGE- 


4a 


AGGTACCCGGCAGTAATCCT 


GCGCGCTATGAGTTCCTGTG 


GGGTCCAAGGGCTCTGGCTG 


AAACCAGCTATGTGAAAGTC 


CTGGAGCATGTGGTCAGGGT 


946 


MAGE* 


( 


V P G S D P 


A C Y B r L W 


G P R A L I E 


T S Y V K V 


L H H M V K I 


293 


MAGE- 


6 


AGGTCCCCGGCAGTGATCCT 


GCATGCTATGAGTTCCTGTG 


GGGTCCAAGGGCCCTCATTG 


AAACCAGCTATGTGAAAGTC 


CTGCACCATATGGTAAAGAT 


94 3 


MAGE- 


12 


V P G S D P 


A C Y E F L W 


G P R A L V E 


T S Y V K V 


L H H L L K I 


293 


MAGE- 


12 


AGGTCCCCGGCAGTGATCCT 


GCATGCTACGAGTTCCTGTG 


GGGTCCAAGGGCCCTCGTTG 


AAACCAGCTATGTGAAAGTC 


CTGCACCATTTGCTAAAGAT 


953 


MAGE- 


1 


S A R V R F F 


F P S L R E 


A A L R E E E 


E G V OPA 




309 


MAGE- 


1 


CAGTGCAAGAGTTCGCTTTT 


TCTTCCCATCCCTGCGTGAA 


GCAGCTTTGAGAGAGGAGGA 


AGAGGGAGTCTGAGCATGAG 


TTGCAGCCAAGGCCAGTGGG 


1023 


MAGE- 


2 


G E P H I S 


Y P P L H E 


R A L . R E G E 


E OPA 




314 


MAGE- 


2 


CG< GAGAACCTCACATTT 


CCTACCCACCCCTGCATGAA 


CGGGCTTTGAGAGAGGGAGA 


AGAGTGAGTCTCAGCACATG 


TTGCAGCCAGGGCCAGTGGG 


1043 


MAGE- 


3 


S G P H I S 


Y P P L H E 


W V L R E G E 


E OPA 




314 


MAGE- 


3 


CA( GAGGACCTCACATTT 


CCTACCCACCCCTGCATGAG 


TGGGTTTTGAGAGAGGGGGA 


AGAGTGAGTCTGAGCACGAG 


TTGCAGCCAGGGCCAGTGGG 


1043 


HAGE- 


4a 


N R V R I A 


Y P S L R E 


A A L L E E E 


E G V OPA 




317 


MAGE- 


4a 


CAATGCAAGAGTTCGCATTG 


CCTACCCATCCCTGCGTGAA 


GCAGCTTTGTTAGAGGAGGA AGAGGGAGTCTGAGCATGAG 


TTGCAGCCAGGGCTGTGGGG 


1046 


MAGE- 


6 


S G G P R I S 


Y P L L H E 


W A L R E G E 


E OPA 




314 


MAGE- 


6 


CAGTGGAGGACCTCGCATTT 


CCTACCCACTCCTGCATGAG 


TGGGCTTTGAGAGAGGGGGA 


AGAGTGAGTCTGAGCACGAG 


TTGCAGCCAGGGCCAGTGGG 


1043 


HAGE- 


12 


S G G P H I P 


Y P P L H E 


W A F R e G E 


E OPA 




314 


HAGE- 


13 


CAGTGGAGGGCCTCACATTC 


CCTACCCACCCCTGCATGAA 


TGGGCTTTTAGAGAGGGGGA 


AGAGTGAGTCTGAGCACGAG 


TTGCAGCCAGGGCCAGTGGG 


1053 



I 



1 



Results 



Structure of the MAGE genes 

Cosmid libraries were constructed in vector c2RB with 
DNA isolated from blood lymphocytes of patient MZ2 and 
with DNA of melanoma cell line MZ2-MEL. When these 
libraries were probed with a 2.4 kb Bam HI fragment that 
contained exons 2 and 3 of gene MAGE-I, 24 of 600000 
cosmids were found to hybridize. In these cosmids, we 
identified Bam HI fragments of various lengths that 
hybridized with the MAGE- 1 probe. These fragments 
Were subcloned and sequenced. Additional sequences 
Were obtained by performing PCR sequencing directly on 
the cosmids. This led to the identification of 14 different 
homologous genes. 

Gene MAGE- 1 was previously found to comprise two 
small exons followed by a large third exon containing the 



Fig. 2 Sequence alignment of the regions containing the liargest open 
reading fraine in the last exons of MAGE /. 2, 5, 4°, 6, and 12. Gaps 
introduced for optimal alignment are indicated by dashes. The 
numbering is relative to the first nucleotide of the last exon. The 
amino acid sequences of the putative proteins encoded by the six 
MAGE genes are represented 



entire coding region (van der Bruggen et al. 1991). The 
exon-intron structure of genes MAGE-2, 3, 4, and 12 was 
established by aligning the genomic sequences with cDNA 
clones that showed complete identity with segments of 
these sequences. MAGE-l and MAGE-3 cDNAs were 
obtained from melanoma subline ^/IZ2-MEL 3.0 (van der 
Bruggen et al. 1991), MAGE-I2 cDNA from melanoma cell 
line, and LB373 and MAGE'4 cDNAs were isolated from 
sarcoma cell line LB23, from placenta, and from testis. 
The two last exons of^genes MAGE-l, 3, and 4 could be 
aligned completely with those of MAGE-l ^{¥\g. 1). In 
MAGE- 12, the sequence corresponding to the second 



I 




Mage 1 



Mage 2 



Mage 3 



Mage 4 



Necdin 



intron of MAGE-J is deleted so that a single exon corre- 
sponds to the two last exons of MAGE-L The last exons of 
MAGE- 1, 2, J, 4, and 12 contain coding regions of nearly 
identical lengths (Figs. 1. 2). In the first intron, these genes 
display considerably more variation, even though homolo- 
gy remains unquestionable. The first introns of MAGE-2, 3, 
and 12 present large deletions relative to MAGE- 1, whereas 
the first intron of MAGE-4 contains a large unrelated insert 
(Fig. 1). Remarkably, MAGE'2 has an additional exon 
homologous to a sequence located in the first intron of 
MAGE'L This additional exon is not conserved in MAGE- 
12, which is 90% identical to MAGE-2. The disposition of 
the initial exons of the five MAGE genes also shows many 
differences (Fig. 1). The first exon of MAGE-2 extends 175 
bases beyond that of MAGE-I. 3, and 72 and this extension 
is homologous to the initial intron region of MAGE- 1, i, 
and 12, In MAGE-4, we identified eight sequences dis- 
persed over 6 kb and serving as alternative first exons. 
MAGE-4 cDNAs isolated from sarcoma LB23, placenta, 
and testis had different 5' ends corresponding to each of 
these sequences, all spliced to the same second exon. Only 
for their last 18 nucleotides are these altemative first exons 
homologous to the first exon of MAGE- 1. 

The sequence of gene MAGE'6 was found to be 99% 
identical to that of MAGE'3, And the few differences 



Fig. 3 a-helical patterns of hydrophobic cluster analysis (HCA) for 
MAGE J -4 and necdin amino acid sequences (Gaboriaud et al. 1987). 
The hydrophobic residues (VLIMYW) are presented as dark circles. 
The arrow shows the putative hydrophobic transmembrane domain 
conserved across the family 



between the two genes were all located in the last exon 
of MAGE-3, To establish the exon-intron structure of 
MAGE-6, we carried out reverse transcription and PCR 
amplification on RNA of melanoma cell line LE MD3A 
which expresses MAGE-6 and not MAGE-3. Primers were 
chosen in the sequence of MAGES that corresponded to 
exons 1 and 3 of MAGE-3. The sequence of the cDNA 
fragment delineated the structure shown in Figure 1. 

The structure of genes Af A G£-5 and 7- 1 J has not yet 
been completely defined because no cDNA clones have 
been obtained up to now. The two last exons of these genes 
were tentatively delineated on the basis of sequence 
similarity with exons 2 and 3 of MAGE-J. For genes 5 
and 8- II, the boundaries of these exons were confirmed by 
sequencing PCR products obtained from cDNA with pri- 
mers located in each exon. 

The percentage of identity of the last exon of MAGE- 1 
with that of the other MAGE genes varies between 64% and 
85%. Some genes are very closely related. For pairs of 
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Rg. 4 Southern blot of Bam HI digests of genomic DNA from 
hamster, mouse, human cell lines and hamsier-human somatic hybrid 
cell lines. Lane I: somatic hybrid line GM0606IB (5 human chromo- 
somes X); lane 2: normal human female (2 chromosome X); lane 3: 
normal human male ( 1 chromosome X); lane 4: mouse DNA; lane 5: 
hamster DNA; lane 6: hybrid cell line GM06318B containing human 
chromosome X; lane 7: hybrid cell line GM07301 containing human 
chromosome 12 and X; lane 8: hybrid cell line CM 1 0868 containing 
human chromosome 12; lane 9: hybrid cell line GM 10095 containing 
only the Xql3-qter portion of chromosome X; lane 10: hybrid cell line 
GM 10482 containing only the Xq26-qter region of chromosome X. 
The 2.4 kb genomic fragment containing exons 2 and 3 of MAGE- 1 
was used as probe 



J ^4^ 6^ 8-12, and nec^B|(Fig. 3). This analysis demon- 
strated a remarkable conservation of the main hydrophobic 
regions, suggesting conservation of function. 



-tow' polymo rphisrh of MAGE- genes- 

'It was'important to examine the degree of polymorphism of 
MAGE genes; since different A/AC£~ alleles may produce 
different antigenic peptides. Several lines of evidence 
suggest that MAGE genes show little variation from one 
individual to another. A Southern blot of genomic DNA, 
which was obtained from blood lymphocytes of ten indivi- 
duals, was probed with a labeled MAGE- 1 genomic frag- 
ment. We observed that the pattern of 13 hybridizing 
fragments was conserved, except for the presence of an 
additional band for one individual (De Smet et al. 1994; 
data not shown). For genes MAGE-4^ 4^, 3, 5^, 5*, and 6. 
the sequences of PCR products derived from lymphocytes 
of patient MZ2 were completely identical to the sequences 
of products derived from somatic cell hybrid GM07301, 
whose human chromosome X comes from another individ- 
ual. From genomic DNA prepared from blood lymphocytes 
of 15 individuals, we also amplified a fragment of gene 
MAGES that contains a sequence encoding an antigenic 
peptide presented by HLA-Al (Gaugler et al. 1994). A 
sequence of 400 bases surrounding the sequence of the 
antigenic peptide was obtained for each of the PCR* 
products. The 15 sequences were completely identical. 



I genes 4<'/4^ and 5a/5*, the identity exceeds 99%. As shown 
below, these pairs are alleles. We compared the sequences 
] of all the MAGE genes with known sequences in databases 
and found no significant homology. 



MAGE proteins 

^ost^ofsithesputativesMfAGE^prdteii^^^^^^ 
^acids^ongrMAGBproteinr2^6^ and'8^ 1 2^have^7%^77% " 
identity ^with^A/AGE- 7. MAGE-J was not included in this 
comparison, since this gene was not found to be transcribed 
(see expression of MAGE genes) and since the largest open 
reading frame in this gene is not in phase with those of the 
other MAGE genes (Fig. 2). The MAGE proteins are devoid 
of signal sequences and contain a potential transmembrane 
domain (Fig. 3) that, because of its small size, may function 
only in association with the transmembrane domain of 
another protein. A computer search of the Protein Se- 
quence Database revealed a moderate homology (31% 
identity) of MAGE- 10 protein with mouse protein necdin. 
Necdin has been reported to be a nuclear protein, expressed 
in neurally differentiated embryonal carcinoma cells and in 
the brain of adult mice (Maruyama et al. 1991 ). We used the 
hydrophobic cluster analysis [(HCA) (Gaboriaud et al. 
1987)1 to compare the amino acid sequences of MAGE 



Chromosomal localization 

The chromosome bearing the MAGE genes was identified 
by Southern blot analysis of the DNA of a panel of hamster- 
human somatic cell hybrids. The 2.4 kb genomic segment 
containing the two last exons of MAGE-1 was used as a 
probe under conditions of stringency such that no cross- 
hybridization was observed with hamster DNA. The pres- 
ence of the MAGE sequences in the hybrid cell lines was 
concordant only with the presence of human chromosome X 
(Table 1; Fig. 4). Cell line GM06061B contains five 
X chromosomes; the analysis of its DNA showed the 
expected dosage effect (Fig. 4). 

We then examined whether all 12 MAGE genes are 
located on this chromosome. To this end, we identified 
sets of PCR primers that provided strict specificity for each 
of MAGE I -12, as verified by the sequencing of the PCR 
products. PCR assays specific for MAGE-1 -12 were 
performed on DNA of hybrid cell line GM 10868 contain- 
ing human chromosome 12 and of line GM07301 contain- 
ing human chromosomes 12 and X. All were negative with 
the former and positive widi the latter, indicating that all 12 
MAGE genes are located on chromosome X. 

Hybrid cell line GM 10095 was derived from a human 
cell line having a translocation t [(X;9) (ql3;q34)] between 
chromosome X and chromosome 9. The DNA of this 
hybrid, which contains only the X/9 translocation chromo- 
some and therefore only the ql3-qter region of the 



Table .1 Segregation of MAGE I wicl^Ki<ui chromosomes in human 
- hamster hybrid cell D^ii^^ s^chtocflBre pFcsent;-^ = chromosome 
absent; ± = very faint bands! indicating that only a small percentage of 
the cells contained the chromosome (not included in cafculation of 
percent discordancy); \2 - GM09142 contains only part of chromo- 



c la; rvdi 



ai.: iweive genes ot the MAGE family 

somes X and 21, der^[X:21)(p21;pl2); 3,4 - GM10095 contains 
only pan of chromosol^X and 9, der 9 t(X;9)(ql3;q34); 5 - PgMe4 
contains a deleted chromosome 2 and is missing 2p23-24; 6 - AiGl 
contains only the q arm of chromosome 6 



Hybrid 



GM063I7 

GM06318B 

GM07300 

GM0730I 

GM08854 

GM09I42 

GM 10095 

GM10115 

GM10156B 

GM 10253 

GM 10322 

GM 10478 

GMI0479 . 

GMI0498 

GM 10567 

GM10611 

GM106I2 

GM 10629 

GM10791 

GM 10880 

GM 10888 

A3ADA ID12 

A3ADA6F5 

A3ADAI3 

A3ADAI4 

A3GI 

A3HR2O 

PgMe4 

Number of 
concordant hybrids 

Number of 
discordant hybrids 

Percent discordancy 



MAGE- 1 Human chromosome 
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X chromosome, hybridized to the MAGE-1 genomic probe. 
Hybrid GM10482, which is derived from a t [(X;ll) 
(q26;q23)] cell line carries only the q26-qter region of the 
X chromosome. Its DNA also hybridized to the MAGE-! 
probe and the pattern of hybridizing fragments was the 
same as that observed with the entire X chromosome 
(Fig, 4). We conclude that most if not all MAGE genes 
are located in the terminal region of the long arm of 
chromosome X, 

Additional evidence suggested that most MAGE genes 
are closely linked. Several cosmids were found that carried 
two MAGE genes. This was observed for MAGE-3 and 
MAGE'2, MAGE-6 and MAGE-2. MAGE-5^ and MAGE- 
10, MAGE-7 and MAGE-9. 

Because some pairs of MAGE genes were found to be 
almost identical, there was a possibility that these pairs 
represented alleles of one MAGE locus. This appears to 
apply to pairs of genes MAGE'4^/4^ and genes MAGES''/ 
5^, because the sequencing of PGR products revealed the 
presence of only 4^ and 5^ in cell hybrid GM0730I . On the 
contrary, MAGE-S and MAGE-6 sequences, which are also 



99% identical, were both found in hybrid GM07301 which 
contains a single X chromosome. They belong therefore to 
different loci. This was confirmed by PGR assays on 
genomic DNA of EBV- transformed B cells of five male 
individuals: both MAGES and MAGE-6 were found in the 
genome of these cells. 



^Expression ofrMAGE^^enesr ' 

Because the sizes of the various MAGE mRNAs are similar, 
one cannot evaluate on a northern blot the expression of 
individual MAGE genes in various normal and tumoral 
tissues (van der Bruggen et al, 1991). To measure the 
expression of these genes, we therefore resorted to oligodT 
primed reverse transcription of total RNA followed by PCR 
amplification with primers specific for each MAGE gene. 
For MAGE-I-JI, effective PCR primers could be identi- 
fied in different exons, so that the PCR products derived 
from' RNA can be; distinguished by size from those that 
might be produced by contaminating DNA.- 
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Table 2 Expression of MAGE'^,. -.-^^ 
2. i, 4, 6, and -12 by tumors'and 
normal tissues. RNA from^umor' 
,ccllBlines^(1I), tumor samples (*?^) 
and normal tissues were tested by 
RT-PCR for the expression of 
MAGE genes. PGR primers were 
chosen as indicated in methods. 
For MAGE- 12. PGR amplifica- 
tion of RNA in the absence of 
reverse transcription indicated 
that in our conditions the con- 
tamination by genomic DNA was 
negligible. The level of expres- 
sion evaluated by band intensity 
of PGR products fractionated in 
agarose gels is represented by 
+++, -H-, +. Absence of product is 
indicated by - 



AG^ 



367 



MAGE 1 MAGE 2 MAGE 3 MAGE 4 MAGE 6 MAGE 12 



COLON CARCINOMAS 
MZ-CO-2 K + 
SK-CO-IIIf 
LB 150** 
HSR 320 II 
LEUKEMIAS 
K562 II 

MELANOMAS 
MII0221 H + 
M22-MEL 3.0 
LB265** 
LG7** 

LOU** +- 
LB271** 

LUNG CANCERS 
LB 178 (NSCLC)** ^- 
LB175 (NSCLC)** +- 
LBII(SCLC)^ +- 
LB12(SCLC)1I 
SARCOMAS 
LB23 H 
LB408** 

LB258** + 
BREAST CARCINOMAS 
LB280** +H 
LB284** +H 

Stomach 

Lung 

Breast 

Colon 

Skin 

Uterus 

Testis +-f 

Thymocytes 

EB V-1 y mphocy tes 

Foetal liver 

Foetal brain 

Placenta LB694 



++ 



++ 



MAGE-U 2, J, 4, 6, and 12 showed significant expres- 
sion in a number of tumors of various histological types. 
Table 2 presents a representative sample of positive tumor 
cells. The level of expression of these MAGE genes was 
similar to that observed with MAGE- 1 in the MZ2-MEL 
cell line, which expresses a Mi4G£-y-encoded antigen. In a 
MZ2-MEL cDNA library of lOOOOO clones, we found 
MAGE'l clones at a frequency of 1/4000, corresponding 
to approximately 50 copies/cell. 

MAGE-5/8: 9, 10/ II were very weakly expressed in all 
'the samples that we examined; we estimated that the 
amount of RNA of these genes represented less than 1%' 
of-that of thr highly expressed genes. We were unable to ' 
retrieve in a MZ2-MEL library a single cDNA correspond- 
ing to MAGE-5, suggesting the presence of-<2 copies/cell; 
MAGE'7 was not transcribed at all in the 95 tumor samples 
tested. 

A panel of normal adult tissues and some tissues from 
> 20- week-old fetuses were also tested for the expression 
of MAGE genes (Table 2). AH were negative, with 
the exception of testis and of placenta. Testis expresses 
all MAGE genes, except MAGE-7. Placenta expresses 
MAGE-3, MAGE-4, and MAGES- II . 



Discussion 

The MAGE gene family comprises at least 12 closely 
related genes, which arc located on the long arm of 
chromosome X. Because we have analyzed only 24 cos- 
mids carrying AMG£-related sequences, it is possible that a 
few additional MAGE genes remain to be found. Several of 
the MAGE genes are very closely linked and the whole 
MAGE family may be located in a single complex. By 
analyzing YAC clones, it should be possible to precisely 
determine the relative position of each MAGE gene. 

The lengths and sequences of die two last exons and of 
the last intron of the MAGE genes are conserved, as might 
be expected for regions located close to the coding part of 
the gene.^Throughout the Af A G£ family and necdin, there is 
considerable conservation of hydrophilic and hydrophobic 
-regions, suggesting that the proteins produced by all these 
genes may exert very similar functions. At the present time, 
however, there is no indication regarding this function.^ 

Much more variation is observed in the initial part of the 
genes, with large deletions, insertions, and even an addi- 
tional exon occurring in the first intron of MAGE-2. The 5' 
end of gene MAGE-4 is remarkable, since it contains 




several altemative.fet._£:xQn^J^p.v oioleL regions of the 
various MAGE genes are very different (De Smet,and co- 
I > workers, in preparation).^^We5Suggest therefore thk^succes- 
sive duplications.of a AM GJ? gene into a large gene fafmify 
..-has enabled the same' function tb^ come M 
transcriptional controls resulting' in very specific regional 
^ ; and temporal expressions. 

A/A G£ genes I, 2, 3, 4, 6, and 12 have been found to be 
significantly expressed in a number of tumors of different 
histological types. No expression of these genes was found 
in a panel of normal tissues, with the exception of testis and 
placenta. It should be possible to identify the positive testis 
cells with antibodies directed against the MAGE proteins. 

tBeeauseithe^A/AG^genes.domot^-seemnd be in 
..normal tissues-except testis and placenta^ they all have the 
-potentid to cbde^for antigens that cbuid be targets for 
specific anti- tumor T-lymphocyte responses. For viral 
proteins such as the influenza nucleoprotein, several differ- 
ent peptides corresponding to various sites of the protein 
have been found to combine with various class I molecules 
to form antigens recognized by different CTL (McMichael 
, et al. 1986; Taylor et al. 1987). It is therefore likely that 
various regions of the different MAGE proteins can 
contribute peptides combining with various HLA class I 
molecules. Evidence supporting this has been obtained 
recently. A MAGE-1 peptide that is different from the 
peptide that forms antigen MZ2-E by combining with 
HLA-Al, was found to bind to a HLA-C molecule to 
form an antigen recognized by an autologous CTL (van 
der Bruggen et al. 1994). MAGE-3 codes for an antigenic 
peptide that binds to HLA-Al to form an antigen that is 
distinct from the MZ2-E antigen (Gaugler et al. 1994). It 
therefore appears likely that several other MAGE antigens 
presented by various HLA molecules will be identified. 
^' One approach to identify them involves the use of existing 
anti-tumor CTL whose HLA restricting element is known. 
They can then be tested for stimulation by COS cells 
cotransfected with MAGE cDNAs and with the relevant 
HLA gener^Another approach is based on the observation 
that peptides that bind to certain HLA have "consensus" 
residues in some positions (Falk et al. 1991; Jardetzky et al. 
1991). Consensus peptides coded by the sequences of the 
various A/AGE genes could be identified, synthesized, and 
tested for their ability to bind to the relevant H£A (Hill et al. 
1992; Houbiers et al. 1993). Using efficient antigen-pre- 
senting cells, it may be possible to obtain CTL directed 
against ;Some of these peptides. 

«A^tternpts-wiir be made to immunize cancer patients 
^against 'MAGE-encoded antigens. For this, it will be 
tnecessary to identify the patients whose tumor expresses 
' V kiiown antigen. This can be done by HLA typing and by 
^reverse transcription and PCR amplification of the RNA of 
«a small tumor sample, to identify the MAGE genes 
expressed in the tumor. This approach will probably be 
^reliable because of the very low level of polymorphism of 
Af^^^E^'enes.'^^onsiderin'g^the^^^^ 
^WAGE'genesi'Mt will be essential to-use P 
<properly-distinguish the various A/AGE geneTil^We^belif^e * 
"^haiihis can be achieved with the?,primers.desGribed.here. 
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